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PUBLISHEES' NOTE TO REVISED EDITION 

Tas sales of this work have ia the last tew years become so large that 
It has been found necessary Ui make new electrotype plates. The pub- 
lishers have taken advantage of this to have the book carefully examined 
with a view to discovering whether or no it conformed in every respect 
to the latest advances in knowledge of the subject. Very few cLangea 
in the text have been found necessary, and these few are of such a minor 
character as not in any way to prevent the use of the new and old 
editions in tlie same class. 

The main changes to he noted in this edition are as follows : Topical 
Outlines have been added at the end of chapters, which It is believed will 
be of great value to pupils and teachers, la some of them additional 
information ha:S been given, which it h&R not been thought beat to include 
in the text, but which may be found useful for the teacher in his class 

Such slight changes have been made In the text as were necessary U 
meet the requirements of the laws of the several states with respect U 
the influence of alcohol and narcotics. The book will be found to comply 
fully with all such laws and with the iutelligent temperance sentiment at 
the country. 

A chapter on emergencies has also been added, which, it is hoped, will 
give the book a permanent value in the home and be of service to 
many " first aid to the injured" classes that are being formed in all parta 
of the country. 

A number of new illustrationa have been scattered through the book. 
The only other change of any prominence is in the experiments, which in 
the former edition have been in the appendix, but are now transferred U 
the body of the book as footnotes, where they will be more accessible a 
an aid to the teacher in more interestingly presenting the subject to thi 
class. All the experiments, as well as liie anatomical demonstrations, 
are simple, and tlie teacher will have no diillcalty in reproducing th( 
Should there be failure at first, a little patience and a few trials will s( 
be followed by success. All complex dissections on recently killed 
animals, aa well as all vivisections upon frogs, etc., have purposely been 
omitted, not only because they are unnecessary in teaching the rudiments 
of anatomy and physiology, but also because they would create disgust 
and abhorrence in the majority of pupils. 

The publishers gratefully acknowledge their indebtedness to D. L, 
Bardwell, Superintendent of Public Instruction, Binghamton, NeW York, 
who has made such changes in the text as were necessary to bring it into 
perfect accord with the latest Syllabus of the Board of Regents of the 
State of New York. 

New York, May 16, 1902. 






This work is designed to present the leading facts and' 
human physiology and hygiene in clear and 
ige, so that pupils in schools and colleges, and 
readers not familiar with the subjects, may readily compre- 
hend them. Anatomy, or a description of the structure of 
of course necessary to the understanding of its 
ir its uses. Enough of the former study has, 
lerefore, been introduced to enable the pupU to enter intel- 
ligently upon the latter. 

Familiar language, as far a.s practicable, has been em-i' 

ployed, rather than that of a technical character. With a 

iew, however, to supply what might seem to some a defi- 

iency in this regard, a Pronouncing Glossary has been added, 

■hich will enable the inquirer to understand the meaning 

many scientific terms not in common use. 

In the preparation of the work the writer has carefully 

Lined aU the best material at his command, and freely 

it; the special object being to have it abreast of the 

nesent knowledge on the subjects treated, as far as that is 

lesible in a work so elementary as this. The discussion of 

isputed points has been avoided, it being manifestly inap- 

ipriate in a work of this kind. 

The aim of a text-book on physiology for schools and col- 

is should be to present in the simplest and clearest pos- 

ihle manner the well-established facta of the subject to 

^ught, BO that the students may obtain an intelligent idea g£ 

workings and uses of the human body. It should bo 
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scientifio enough to be clear and logical^ and to« appeal to 
reason, not a mere compilation of facts to be learned by rote. 
To make it preparatory to a higher course in physiology 
would be manifestly a mistake, for it would necessitate a 
much more scientific plan of arrangement, and the introduc- 
tion of an amount of material which would be confusing. 
The teaching of anatomy and physiology in schools should be 
considered chiefly as an aid in teaching hygiene, so that the 
student may learn how to live a healthful life. 

The writer desires to acknowledge his indebtedness to R. M. 
WyckofF, M.D., for valuable aid in the preparation of the 
manuscript for the press; and to R. Cresson Stiles, M.D., a 
skillful microscopist and physician, for the chapter "On the 
Use of the Microscope in the Study of Physiology." 
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1. Divisions. — The study of the human body includes: 

1. A-natomy, ■which is the study of the structure of the 
human body. This is again subdivided into, firet, gross 
anatomy, which is the study of the structure of the body as ' 
made by careful dissection ; and, second, microscopic anatomy, 
also calleij histology, which is the minute study of the various 
tissues and organs composing the body, by the aid of the 
microscope. 

2. Phyaiology, which la the study of the functions of the 
various organs and tissues of the body. 

3. Hygiene, which is the study of the best means of pre- 
serving the body's health. 

2. Cells. — If we examine a portion of any one of the struc- 
tures of the human body under the microscope, we find that it ' 
is composed of countless small bodies, which are called cells. 
These cells have distinctive shape, size, and form, in each of 
the different structures. Each one of the cells aids in the 
function which characterizes its tissue j thus, for instance, the 
many muscle cells composing one of the muscles of the arm 
contract, and their imited contraction causes the entire muscle 
to contract. And, again, of the many cells composing the liver, 
each aids in secreting its small portion of bile, and in perform- 
ing its other functions. 

I. IVliat Ii fliialomy I PUj-slolot'l' ' Hj-wVeno^ "i, -«\«j.ni«.'»'^<'t 

ML ! 



F 



CELL STRUCTURE 



Although the different cells composing the many tiBBDM I 
of tlie body avu all distinct in their respective characteristics, 
they are yet all dependent upon each otJier for the proper peis 
forniaiice of their work, just as the individual persona compos- 
ing the population of a, large city lead independent lives, yefc 
are all dependent upon each other for their respective exist- 
ences. Each cell has a life of its own ; it eats, digests, moves, 
and reproduces its own kind, and yet it is dependent for its i 
health and life upon the healthy performance of the functions ' 
of all the other cells of the body. 

4. Structure of the Cell. — Aa the type of the simplest cell 
Structure, we have the best illustration in a microscopical ani- 
mal, found in stagnant water, and called the Amceba. It is 
composed of transparent, jelly-like materia!, enclosed in a very 
thin membrane, and having a more or less irregular shape. 
In its interior we see that a small portion of ita jelly-like 
materia! is more opaque than the rest, as if composed of a 
number of granules. If we observe this Amoeba under the 
microscope, we shall notice that it has life, as manifested by 
ita power to contract in places, and in other places to project a 
part of its body. It feeds by enclosing within its substance 
any particles which it may take for food. It retains them in 
its interior until it has absorbed therefrom what it can use, 
when it again partly opens itself at some point near the paiv 
tide, and rejects or moves away from what it does not want. 
It propagates itself hy a simple process of subdivision ; that 
is, it divides itself into two unequal portions, each portion i 
retaining some of the granular matter, which seems to be 
essential to ita existence. 

5. All the cells of the human body have the following 
essential structure : First, a thin membrane enclosing the cell, 
called the cell waU. Second, a jelly-like or granular material, 
composing its body, called protoplasm, and embedded in thia 
body a more or less round or oval body of firmer consistency 
than the cell mass, called the nudevs, which, in many cases, 
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CELL STRUCTUSE 15 

contams a still smaller body, or minute point, called the 
nucleolus. 

6. The yolk of a oommon hen's egg probably illustrates this 
best. If we break the egg into a aaucer, being careful not to 
break the yolk, we shall find upon examination that the yolk 
is held together by a thin and delicate membrane, the cell 
wall. The liquid portion of the yolk is the protoplasm. And 
we can also readily see, upon careful inspection, a compara- 
tively small speck, more opaque, or rather whitish in ap- 
pearance, which is the nucleus. The nucleolus cannot be 
observed by the naked eye. The following diagram of the 
yolk will illustrate these facts : 




7. Cell Reproduction. — The following series of diagrams 
shows how simple the process of cell reproduction 
we have a simple cell ; in & it has changed its shape by elon- 
gating and constricting in its centre ; in c the same process 
has been continued ; and in d we have two new cells, but iio 
parent. The identity of the parent has been lost in its off- 
spring. 

r\ /^:7?N^^?r?r\ /^_.., .... 
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8. Cell HouriBhmenL — The cell wall absorbs nourishment, 
which soon becomes a part of the general protoplasm. Waste 
products in a similar manner arc expelled through the cell 
wall. Some cells have the power of excreting from their food 



16 CELL STRUCTURE 

a hard substance, called lime, and depositing the same as a 
kind of shell around themselves. 

9. Cell Motion.-^ It is reasonable to suppose that many of 
the cells of the human body are capable of some motion, 
although this cannot be demonstrated, except in very few in- 
stances. It is easy to demonstrate that the white corpuscles 
of the blood are capable of independent motion, very similar 
to that of the Amoeba. They are able to push their way 
through the walls of the capillaries, and thus wander through 
all parts of the body. 

9» Wliatnmge of motion lias a <Mttl 




THE FRAUEWOSK OF THE BODY 

The Bones— Their Fiirm and VompoEilion— The PropfiTlks of Bone 
— HUloloijg — The Skelelon — The Joints — The Spinal Column — ■ 
Cartilage — The Growlh of Bone — The Repair of Bane — Changes 
in Ike Skeleton — Erect Posture 

1. The Bones. — The framework which sustains tha human 
body is composed of the bonea. The superstructure consists 
of the various organs on which the procesaes of life deiMjnd. 
These organs are soft and delicately forrae'l, and, if unprotected, 
would, in most cases, rapidly be destroyed when subjected to 
violence, however slight. The bones, having great strength 
and power of resistance, afl'oid the protection required. 

2. The more delicate the organ, the more completely does 
Nature shield it. For example: the brain, which is soft in 
structure, is enclosed on all sides by a spherical bos of bone ; 
the eye, tliougli it must be near the surface of the body to 
command an extensive view, is sheltered from injury within 
a deep recess of bone ; the lungs, requiring freedom of motion 
as well as protection, are surrounded by a large " chest " of 
bone and muscle. The bones serve other useful purposes. They 
give permanence of form' to the body, by holding the softer 
parts in their proper places. They assist in movement, by 
affording points of attachment to those organs which have 
power of -motion — the muscles. For all movements of the 
body as a whole, and for nearly all movements of parts of the 
body, save those controlling the vital processes, the bones are 
levers. 

3. The Form and Composition of the Bones. — The shape and 
Biie of the bones vary greatly in different parts of the body, 
but generally they are arranged in pairs, one tut ewitv wis. "^^ 
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the body. Some bones are long and cyliiidricttl, like 
humerus; some are sbort and thick, liki tlie bones of the 
■wrist; some are flat and thin, like the lones of the skull; 
some are irregular in shape, like the vei'tebrEB. The longest 
bone of the human body is the femur, wh ch may be as mnch 
as eighteen inches in length ; from this ilie size of different 
bones varies greatly all the way to the tiny bones in the middle 
ear. Bones ai-e composed of both mineral and animal matter, 
united in the proportion of two parts of the former to one of 
the latter. The mineral matter is chiefly phosphate of lime; 
tlie animal matter is gelatin. We may sej«irate each of these 
substances from the other for examination, Pirst, if we burn 
a bone for several hours on a good bed of coals, the gelatin is 
entirely removed. There remains a beautiful white specimen 
of phosphate of lime, which preserves the shape of the bone 
perfectly, but is brit'le and incapable of sustaining any eon- 
Biderable weight. To i-emove the mineral matter we use acid. 
A sheep's rib, thoroughly cleaned, or bones ironi a roast fowl, 
should be allowed to stand in dilute muriatic acid (one part 
acid to eight parts water) for two or three days, when the 
of lime will be dissolved and only the gelatin 
but as before, the shape of the bone is preserved, 
the bone being now, however, soft and jdiable. The specimea 
may be preserved in alcohol. 

4. If, for any reason, either of these ingredients is dispro- 
portionate in the bone during life, the body is in danger. Tlie 
mineral substance is useful in giving rigidity of form, while 
the animal substance insures toughness and elasticity, so that 
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1. Some Properties of Boae. — " The power .'f bone to resist decay 1b 
remnrkable. Fi>sa1I bones deposited in tbe ground toiig before tbe appear- 
ance of roan upon llie earth have been found by Cuvier, exliibitbig a 
considerable portion of eartllnfie. The jaw of the Cumbridge Mastodon 
Contained over forty percent of ajilmal matter — enough to make a good 
glue — and nthera about the same. From this we see that a nntritltnui 
■oup ml^t be made from the bones of animals that lived before the 
creation of man. The tHUlh resemble bone In their stnictore, but resist 
decay longer ; they are brouylit up by deep-Ben dredging, when all otlier 
porta of the animal have wasted away. The bones dlfler at dlHercnt ages. 
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by their union we are able to withstand greater shocks than 
would be possible with either alonfi. In youth, the animal 
portion is ia excess; a bone then does not break so readily, 
but, when brokun, unites with great rapidity and strength. 
On the other hand, the bones of old persons are more easily 
broken, and in some cases fail to unite. The mineral matter 
being then in excess indicates that the period of active exer- 
tion is drawing to a close. (Rend Note I.) 

5 The Structure of the Bones — If we examine one of the 
long bones vh 1 hi f beei siwei through lengthwise, we 




I iiirabiy fashlone'd for affording Hghtnegg 

' „ ig' !)■ I*'* extiirior is hard and resisting, 

but it is porous at the broad estreraities, while through the 
central portion there is a cavity or canal which contains an 
oily substance called marroio. The broad extremities furnish 
abundant surface for the, formation of joints and for the 
attachment of muscles ; they are porous so that weight may 

and imder difEereut eooial conditions. Ia the disease called 'rickeUi,' 
qull« common among the ill-fed children of the poor in Europe, but Bome- 
what rare in Americ^a, there is an inadequate deposit of the mineral 
sabaiance, rendering the bones so flexible ibat Ibey may be b^ut almost 
like wax. In females and weak men the bones are light and thin, while 
ill a powerful frame tliey are dense and heavy. Exercise is as necessary 
to the strength of bone a^ to the strength of muscle ; if a limb be disused, 
from paralysis or long sickness, the bones lose In weight and strength as 
well as the soft parts, Bone is s^iid to be twice aa strong as oak, and, to 
orush a cubic inch of it, u pressure eciual to 5000 pounds is requisite." 

^ Sl TlMitrnMaMurtbtboiMtt 
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not be increased with enlarged size. The cjlindrica! portion 
of a long bone is called the shaft, ■which is hollow for the 
accommo<lation of the marrow, and also for the purpose of 
obtaining a maximum strength with a minimum weight. 
This principle is well illustrated in iron construction work, 
where supporting colunms are made hollow. 

6. Histology of Bone. — If a thin section of bone be exani- 
ined i I i I i scope, we discover that it la pierced by 



L^ .. 




B tubes about 
which layers of bone sub- 
Btante are aiiauged Fig- 
ure 3 gives a good idi a of 
this microscopic structure 
of a human long Ijone. 
The Jlaie)aian canals (a), 
named m honor of their 
discoverer, carry blood; 
the tiny radiating lines thu aii*i-t uf mic yKniE. -mai^siuku iihp 
represent the caiiaiiculi (c) 
(little canals), which carry blood and lymph to the Iucujkb (b) 

8. Experiment. — Obtain one of the long bones of tile sheep or calf, 
scrape It thoroughly clean, but do not detach the cartilage covering the 
enda. Saw it through crosawiae in the middle ; tivea. aw»i "Oaa -vos^eiE >ai&. 
tbiough lengthwise. (See Fig, 1.) 



MWUtmre the lUVLrsiau uuui. 
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(lakes). In each lacuna is a living cell, called a hone-corpuscle. 
These bone-corpuscles feed on nourishment brought to them 
through the caualiculi ; and deposit about themselves layers of 
gelatiu and phosphate of lime. These layers are called latnel- 
l(B, and make the matrix of the bone. These lamellEB are well 
shown in Fig. 3. 

7. Another element of power ia found in the curved out- 
line of the bones. The curved line ia aaid to be "the line 
of beauty," as it certainly is the liue of strength. It is uni- 
formly present in the bones whose position exposes them to 
accident. The surface of all bones, except the articulating 
surfaces at the ends, is covered by a tough membrane, called 
periosteum. This is pierced by numerous openings through 
which pass the blood-vessels which carry the btood to and into 
the bones. 

8. The Skeleton. — The bones in the huiaan body number 
two hundred and six, and when joined together in their proper 
places, form what is ■ termed the skeleton (Fig. 2). The 
skeleton embraces three important cavities. The first of 
these, surmounting the frame, is a box of bones, called the 
akuU; below this is a bony case, or "chest " ; and again below 
this, separated only by a thin muscular membrane, called the 

' diaphragm, is the abdominal cavity, which ends at the lower 
portion of the trunk iu a bony basin called the jkIi'ik. The 
two latt«r cavities comjiose the trunk. The trunk and skull 
are maintained in their proper relations by the " spinal 

The iransverse section shows the coiupajit, bard, ouler layer, enclosing 
the soft pulp or marrow. 

The limgitudiual section showH, at ita upper end, the layer of cartilage, 
)U thicknesH and intimate connectloci with the bone ; the outer layer of 
bone here is thiuneet and gradually iiicrenses toward the middle of the 
ehatt, where it is ihiokest ; the central canal, containing the marrow, 
becomes smaller as it approaches the head oE the bone, where it Is lost In 
the dense network of bony structure. The latter ia bast demonatnUed by 
holding the cut surface for a while under a faucet, so as to wash away the 
blood, etc., contained in the mesliea. It will now bi 
meshpji are composed of delicate, but strong, bony partition, 
arranged iu such angles to the outer wall and to tbemaelves as will sup- 
porL the greatest weight 

I, Buaes, wiy cumi } S. WIuI cDDaUtHlai Mu iki 
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column." Braii';hing from the trunk are two aeta of Hmbs; 
tlie arms, whic'i are attached to the cheet by means of the 
"collar-hone" fiud "shoulder-blade"; and the legs, directly 
joined to the lawer part of the trunk. 




9. These cavities which we have mentioned t 
for the lodgment and protection of the more delicate and 
peri&hable parts of the system. Thus, the skull, tc^ther with 
the Vioties of the face, shelters the brain and the organs of 
four aeiises, — sight, hearing, smell, and taste. The chest holds 
the heart, lungs, and great blood-vessels, while the lower part 
of the trunk contains the liver, stomach, and other organs. 

10. The Joints. — The point of union of two or more bones 
forms a joint or articulation, tbe connection being made in 
various ways according to the fiind and amount of motion 
desii-ed. The moval)ie joints are connected by strong fibrous 
bonds, called ligaments. These ligamentH are of a silvery 
whiteness, and very unyielding ; so much so, that when sudden 
violence is brought to bear in the vicinity of a joint, the bune 
to which a ligament is attaehed may be broken, wluie the 
liKament itself remains uninjured. When tbia connecting 
material of the joints is strained or lacerated by aa accident, a 
"sprain'" is- the consequence. An injury of this sort may be, 
and frequently is, quite as serious as the bteakm?, ol -ikX^sofe. 



^Witi doea Uw li 
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11. The ligament, then, ajscures firmness to the joint; 
must also have flexibility and smoothneaa of motion. This 
ia accomplished by a beautiful mechanism, the perfection of 
which is only feebly imitated hy the most ingenious contriv- 
anoe of man. The ends of the hones are covered by a thin 
layer of cartilage which, being smooth and elastic, renders all 
the movements of the joints very easy, and ,acts as a cushion. 
Over the cartilage is stretched a thin membrane, making a 



1 





compressed closed sack. This is called the synovial mem- 
brave, and is constantly moistened by a colorless liquid, not 
unlike the white of egg in appearance and consistency, whence 
its name, synovial fluid (synovia = egg-like). 

12. Joints are classified as follows: The baU-an<i-sot^cet 
joint, which has the greatest freedom of motion, and is exem- 
plified by the hip and shoulder joints ; the hinge joint as shown 
by the elbow ; and the gliding joint, where the motion is pro- 
duced hy one surface of bone gliding over another, as shown 
by the wrist and ankle joints. The junction of the first and 
second vertebrEB forms a pivot joint, which enables the head to 
be rotated from right to left. The bones of the skull are 
dove-tailed together by what are termed sutures. 



U. UHHuniguDenti 



ulcutUk^? 




13. The Spinal Column, — The spinal cnlumn is often spoken 
of as "tlie back boiip,'' whereas in reality it is composed 
of twe!ity-fo\ir small bones, i.'alled vertehrw. These unite below 
with the «icn(m, which forms the base of the pelvia, and upon 
which the weight of the body rests; joined to the lower end 
of the sacrum is a smiill bone called the coccyx. The vertebrte 
are divided into three groups, of which one contains the seven 
cervical vertebra;, forming the neck, another the twelve dorsal, 
to which the ribs are attached, and the third the five btmhar, 
forming what is called the " small of the back." 

The spinal column is a wonderfid piece of mechanism It 
not only connects the important cavities of the body, as has 
already been shown, but also itself forms a canal, which con- 
tains the spinal oord. The joints of the vertebrjs are remark- 
able for the thick layers of cartilage which separate the 
adjacent surfaces of bone. The amount of motion between 
any two of these bjnes is not great ; but these little move- 
ments, taken togethar, admit of very considerable flesibility, 
in several directions, without endangering the supporting 
power of the column. 
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14. The abundant supply of inter- vertebral cartilage adds 

greatly to the elasticity of the frame. It la due, in part, to 

this elastic material that the brain and other delicate organs 

are not more frequently injured by the shock of aiftldeii 

falls or missteps. During the dayj the 

constant pressure upon these joints, 

while the body is erect, diminishes the 

thickness of the cartilages; so that a 

person is not ao tall in the evening as 

in the morning. The effects of this 

compression pass away when the body 

is in a reclining posture. (Rmd Note 8.) 

15. Cartilage, or "gristle," consiata 

of round or oval cells, imbedded in a 

matrix, or base, which varies in the 

three forma of cartilage found in the 

i human body. These three are, 1, Aj«i- 

f line, 2, ivhite Jibri>cartilage, and 3, yeUov} 

i fhTCxartilage. 

'- Hyaline cartilage is that found on the 
articular ends of bone, aud the cartilagea 
of the nose and larynx. That covering 
the articular ends of bones serves for 
the purpose of forming bone, the long 
bones receiving their chief growth from 
the cartilages covering both ends. 

White Jibro-carSitage is found, among 
other places, in the disks between the 
vertebrae. It differs from hyaline car- 
tilage chiefly in its matriK, which ig 
more fibrous in character. 
*''"' '"'ooJuMM^'""'*'' Yellow Jiliro-cai-tilage differs from the 

white again chiefly in the structure of 
its matrix, whose fibres are found in greater number and 
density. The heat example of it is found in the external ear. 

3. Some Cauaes of Cuivatuie of the Spine. — " Much as horee-riding 
ti valued on accouiic o£ llie healtLful character of its Bxerciae, yet an nver- 
B by young ladies^owiu;; to l!ie nbliqiie position in wLicli the 
leaflBter-rertcbralaualate! Sttaniaxet U. W but. Uuet lunus ut <uuUlti(<i t 
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16, The Growth of Bone. — Bone, like all the other tissues of 
the hotly, is coustijiitly undergoing change, old niiiterial being 
thdrawn, to make room for a fresh supply. This change 
has been showu conclusively by experiments. If an animal be 
fed with madder — a red coloring matter — for a day or two, 
the bones soon become tinged; tlien, if the madder be discon- 
tinued for a few days, the original color returns. If, however, 
this material lie alternately given and withheld, at short inter- 
, the bone will be marked by a succession of red and white 
B. In very young animals, all the bones become colored 
single day ; in older ones, a longer time is required. The 
ess of waste and repair, therefore, is constantly taking 
l)lace in this hard suljstance, and with aatonishing rapidity, 

17.' The Repair of Bone. — Nature's provision for uniting 
broken Iwnea is very complete. At first, blood is poured out 



female form r&tts in llie side-saddle — will cause the spine to become 
curved." To avoid this, 11 is important for young ladies to ride occasion- 
ally on the oppqaite aide of the horse. Another frequent cause of uiirva- 
of the spine is the use of the Hewing-mtwbino, especially among needy 
istresses, whose bread frequently depends on the almost unceasing 
labor of tbeir hands and feet, while sitting in a constrained position. 
Boon after croquet became a favorite amusement among the fashionable 
young ladies of England, it was noticed that the bent position sasumed 
during the time the mallet is used, caused a certain deformity, to which 
LB given the name of the "croquet curvature." The use of high, heels 
boots and shoes of children, by throwing the weight of tiie body ton far 
forward, on the front of the toot, and destroying the natural poise of the 
', acts an important part in causing the spine to become crooked. 
^ many this crooked position is considered to be largely a school-i-oom 
disease, for tlie reason that children often are compelled to sit. and write 
or Kudy, in a bent pasture ; but there must be other causes for it, since it 
bu been found that it is almost exclusively a female defonnity. Over 
eighty-tour per cent, of the oaees is stated by one writer to be among 
tfrls. But inasmuch as the majority of these cases begin during the 
years of schooling — from the ages of six to fourteen — great attention 
should be paid to the position of the body during school hours, and ample 
Opportunity should be offered, by a regular systecn of gymnastics, to 
counteract all the evil inliuences of the school-room posture. — Heather- 
BlSO on Deformities {in part). 
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TOPICAL OUTLINE 

>f mineral aiiliHtBiice (liniE 



Uses. If. Framework for the borty, 

b. Protection for delicato organfl. 

;. LIGAMENTS. Strong fibrous banda. 

Dae. 1.1. Bind bones together. 
■: CARTILAGE, 

Kinds, «. Hyaline. 

li. White fibro-elaBtic. 
r. Yellow flbro-elastio. 
Uses, IK Forms strong yet flMdblefranwworkH. 

b. AftB fta butfers in deadening sbocka atid blows. 

c. Deepens the Bockeu of Joints; example, the hi H "int. 

il. Covers the articulating Burfaees uf bonex, thus reducing 
friction, 

( ImmovaWo Sutures, — skull. 

r iillding joiiitx, — anhle and wrist. 
, JOINTS. { Ball„aDd>soeket]uliita, — shoulderand 

I Perfect J hip. 

movable. , . J Hinge jointB, — elbow and knee. 

^ Pivot joints, — joint of atlaa and axis. 
[ Imperfect Vertebre Jolntg, 



QUESTIONS FOR TOPICAL REVIEW 

:. What nseful purposes do the boDes serve ? IT, U 

I. State wliftt you can of the compoBilion of llie biiiies 18, li 

I. Of the userulness of lime in the bones II 

,. Of the usefulness of animal substance iu the bones 11 

i. Statewhatyoucauof Che Btruuture of Che bones 19,2] 

>. Of the Btrength belonging to theboiiea 31, S! 

'. Whatismeant by the human skeleton? Z 

1. Give a descriptioa of its construction 23, 3! 

K What is meant liy a joint in the human frame?. K 

I, Stale what you can of the movable joints 24 

. What office la performed by the ligaments of the joints ? 34 

1. What by the uartilage at the joints ? 2B, 9E 

I. Wlint movable joints are there? 26 

, Describe the construction of the spinal column St 

I. What properties and powern does the spinal wlnmn poflsesa? St 

I, When la a perron taller than at other times? St 

. Give the reason for this » 

i. What can you state of the growth of bone? 2i 

I. Describe the procoss by which a broken bone is repaired ZT, 21 

I When does man reach his full height?, at 

. What changes in the bones then take place? Si 

:. Name an exception to the general rule X 

I. State the advantage and disadvantage in flexibility of bones SS 

, What directions are given foe the correct position? 2i 
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CHAPTER n 

THE MUSCLES 

The Muscles — Slrui'ture' — Flexion and Extension — -The Tendons — Con- 
traction — Phffnical Strength ^ Necetsili/ fur EJiercise — Itg EffecU — 
Fonm of Exercise — Waiting — Riding — Gymitaslics — Open-air ' 
Exercise — Effects of Exercise — Excessive Exercise — Sleep — Rec- 

1. The MnsclSB. — The great mass of the body external to 
the skeleton is composed of the flesh, or ntaades, which largely 
determine its outline and weight. The muscles are the organs 
of motion. Their number ia over five hundred, and to each 
of thetn is assigned a separate and distinct ofilce. They have 
all been studied, one by one, and a name given to each, by 
the anatomist. They difEer in size and shape, each being 
exactly fitted for its peculiar function. Some are very lung 
and slender; others are short and thick. (See Fig. 11.) The 
smallest muscles of the human body are those which control 
the bones of the middle ear. Most muscles are attached to 
bones, which they are designed to move or hold in place. 
ijuch muscles are called skeletal muscles. Others, like the 
muscles of the heart and stomach, are not attached to bones ; 
they carry on the vital processes, and are called visceral 
muscles. 

2. Structure of Skelettd Muscles. — If we examine a piece of 
flesh, we observe that it is soft, and of a deep red color. It 
appears to be composed of layers and bundles of small fibres 
wfaacliyiiU. The whole muscle is surrounded by a loose sheath 
ot connective tissuSj called the perimi/.tiiim. From this main 
sheath partitions extend and envelop each bundle of fibres. 
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Most skeletal miiscles taper at one or both ends until the 
muscular tissue finally disappeai's, and the sheath gradually 
changes to white, fibrous, iuelastic connective tissue which 
forms tendo)ia, by means of which most musi:lea are attached 
to bone. 

3. When we examine 
these fibres under the mi- 
croscope we diaoovti that , 
th«Y in turn Are m^Je up 
of Btill fanei hbrcs, or ;S- 
bnltce, as shown in Fig 
13 The hbrea are beau 
tifully marked by par 
allel wavy hues, about 
ten thousand to an inih, y,H n —mi&i lai. TiaairE 

which give the bbre its a h etrlped muscular flliris d. TIjc anuie mora 

name of the strip^td mus- *"^'"> '"'*"'^'"' 

culac fibre. All of the voluntary muscles preseut this appear- 
ance. 

Striped muscle cells are from one to one and one-half inches 
in length, and from j^^ inch to -^ incii in breadth. These 
cells lie parallel to each other in bundles. All action of the 
muscles is accomplished by changes in the shape of these cells, 
which act in concert under the control of the nervous system. 

When these cells shorten and thicken, the whole muscle 
undergoes a corresponding change, it contracts; when the cells 
narrow and lengthen, a similar change occurs in the shape of 
the whole muscle, it relaxes. Each cell is encased in a delicate 
membrane, called aarcoJeniina, which during life adheres to the 
protoplasm within. Each cell possesses many nuclei which 
lie just under the sarcolemma. Figure 12, a, shows a number of 
these adhering fibrillw; h, shows these bundles torn asunder 
(the sarcolemma is visible at c) ; c, shows how the same celle 
cleave laterally when treated with chemicals such as ammonium 
carbonate. 
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Moat skeletal muscles taper at one or Imth ends until 
muscular tissue finally disappears, and the sheath gradually 
changes to white, fibrous, inelastic connective tissue which 
forma tendons, hy means of which most muscles are attached 
to bone. 

8. When we examine 
these fibres under the mi- 
croscope we discover ihat 
they in turn are made up 
' of still liner fibres, or fi- 
briilts, as shown in Fig. 
12. The fibres are beau- 
tifully marked by par- 
allel wavy lines, about 
ten thousand to an inch, f,o 12 _MrBcri,«n Timpe 

which give the fibre its «. a, Strlpail muscular llbtca; e,TljeB™o mo™ 

name of the striped mug- ^ ^ "'°^" 

cular fibre. All of the voluntary muscles present this appear- 
ance. 

Striped muscle cells are from one to one and one-half inches 
in length, and from t^Vit ^^'^^ ^o j^ inch in breadth. These 
cells lie parallel to each other in bundles. All action of the 
muscles is aceomplished by changes in the shape of these cells, 
which act in concert under the control of the nei-vous system. 

When these cells shorten and thicken, the whole muscle 
imdergoes a corresponding change, it contracts; when the cells 
narrow and lengthen, a similar change occurs in the shape of 
the whole muscle, it relaxes. Each cell is encased in a delicate 
membrane, called sarcolemma, which during life adheres to the 
protoplasm within. Each cell possesses many nuclei which 
lie just under the sarcolemma. Figure 12, a, shows a number of 
these adhering fibrilla! ; b, shows these bundles torn asunder 
(the sarcolemma is visible at c) ; c, shows how the same cells 
cleave laterally when treated with chemicals such as ammonium 
carbonate. 
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around the ends of the bone, as a result of the injury. This is 
gradually absorbed, and gives place to a watery fluid, which, 
thickening from day to day, acquires, at the end of about two 
weeks, the consistency of jelly. .This continues to harden, by 
the deposit of new bone-substance, until, usually at the end of 
five or sis weeks, the broken bone may be said to be united. 
It is, however, still fragile, and must be used carefully a 
few weeks longer. The process of hardening continues, but 
months must pass before the union can be said to be complete. 
{Bead Note 8. ) 

18. ChangeB in the Skeleton. — Man does not reach his fiill 
height until he is about twenty-five years old; and even, after 
that age, the bones continue to increase in strength and hai-d- 
ness. Before that age they are tompaiatively soft and flexible, 
by reason of the gelatin they contani This is especially true 
in childhood; and it ie> foituiite that it is so, since that con- 
dition is much more faioiable to the steady and rapid growth 
of the bones than if they contained inoie of the Hme, as is the 
case in old age, when there is no occasion for change in the 
size or shape of the skeleton The skidl, however, ia said to 
increase slightly in size even in advanced life, in those persons 
in whom the bi-ain is coiitmually employed in thought or study, 

4. The Management of a Broken Limb. — '• Fractures are usually 
met with when Ihe person ia dresaed. TUertftire, unless lliere ia bleeding, 
or eomelhing to call for iiuuiediHle exposure and exainiiialion of the 
damaged part, do not be in a hurry to remove the clothes. If the arm be 
hurt, extemporize a sling from a neck-liaiidkprchief or somt^ otlier article 
of dress, and support the ann from elbow to wrist, tying the ends of the 
taaiid kerchief in a knot over the coal^collar behind. If the tbjgli or leg 
be in pain, fasten the injured limb to its fellow by a cravat bandage or 
two, and lake care that they lie side by side, and on tlie same level ; or 
fasten outside the clothes some tenipiirary support — a piece or two of 
straight Btick, with a bandage — and then remove the sufferer quietly and 
carefully to some house near at hand. If medical aid be available, send 
for it without any delay ; and be careful, if in the country, and so at some 
distance from the doctor's house, to forward a clear statement as to the 
apparent nature of the .iccldent, which Utah is hurt, and where and how 

18, WhendoMnmBiigatliliKrowlb' WhiUhiriECS then take [.iKeT WhBIdlffp.eni. 
In the b..neiv .if » rblM unci llinsc nf i msn T Whiit ojcdihIcpd in esse o1 the ituU T It^aeHt 
iDlIuJbUlI^Brbgliiil Cauieurkoi»k-kn»9) Bow-lagsr 
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However, this very flexibility of the bonea, in early life, which 
favors their steady growth and prevents their breaking easily, 
is sometimes the source of serious deformity. A young child 
may be allowed to stand and walk too early, and, as a conse- 
quence, the lower limbs become permanently bent inward, in 
the distortion called " knock-knees," or outward, aa in " bow- 
legs." For the same reason, a bent position of the spinal 
column, permitted to exist habitually in childhood, may result; 
in a iife-long deformity. 

19. The Erect Posture. — Youth is, in a great measure, the 
forming as well as tbe growing period of the frame. Bad 
habits of posture, early formed, become fixed in later life, and 
their residts — aa seen in contracted chests and round shoulders 
— are with difficulty remedied. Right habits, on the other 
hand, tend to produce an erectness of posture whicli is favor- 
able, not alone to strength and health, but also to grace and 
■easa The following directions should be learned and prac- 
ticed: hold the head erect with the chin somewhat near the 
neek; expand the chest in front; throw the shoidders back, 
keeping them of the same height on both sides ; maintain tbe 
natural curves of the spine, as shown in the last figure. Man 
alone, of all the animals, has the power to stand and move in 
the erect posture. 

it happened. Let this Gt^teOient, too, be in writing, if possihie. It may 
well happen, however, tiut slcilled aaBLBtance cannot he hRd, and in this 
case the patient slioulit be undressed quietly and cautiously. It will be 
far better to slit up the dress on the anu or leg with a pair of sciBsora than 
to pull it off ; but however the covering of the injury may be managed, it 
tallBt be done very slowly and gently, and Uie limb ahould be eupported 
so as to pi-event jarring and shaking to tlie damaged part. It must he 
carefully kept, too, In a right direction, for otherwise some sharp splinter 
of bone may penetrate the hitherto unwounded akin." — Fir^l llttp in 
AecSdenta and Siekneas. 
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4. Structure of ITnstriped Muscle. — The visceral muscles, 
except those of the di.iiihragm and heart, are not avrauged 
iti defiuite bundles, uor are they striped. They consist of 
plain, elongated cells which taper toward the ends. These 
cells have the power of shorteuiug in the direction of theit 
long axes. But their action ia much slower than that of 
striped muscular cells. Unstripcd muscles, therefore, con- 
tract with a slow, vermicular (worm-like) motion. Unstriped 
muscles are much lighter in color than striped muscles. 

5. Heart Muscle. — This luuscle is dark iu color, like skeletal 
muscles. Its action ia entirely beyoud the eontrol of the will. 
The histology of heart muscle closely resembles that of skeletal 
muscles. Its cells are striped, but they are much smaller than 
the cells of skeletal muscles ; they usually contain only one 
nucleus, and their ends are branched. These bi-auches fit 
closely into one another. 

6. Flexion and Extension. — The muscles are, for the most 
part, BO arranged in pairs, or corresponding seta, that when 
motion is produced in one direction by one set, there is, oppo- 
site to it, another muscle, or group of muscles, which brings 
the limb back to its place. When they act alternately, a to- 
and-fro movement results. When a joint is bent, the motion 
is called Jlexion ; and when it is made straight again, it is 
called extension. WLeu both sets act equally and at the same 




moment, no motion is produced, but the body or limb is main- 
tained in a fixed position; this occurs when we stand erect. 
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Most skeletal muscles taper at one or both ends until the 
muscular tissue finally disappears, and the sheath gradually 
changes to white, fibrous, inelastic connective tissue which 
forms tendoiia, by means of which most muscles are attached 
to bone. 

3. When we examine 
these fibres under the mi- 
croscope we diacovei tiiat 
they in turn are made up " 
of still finei hbrea or ji 
bnllae as shown in Fig 
12 The fibres are beau 
tifully marked by lar 
allel wavy lines about 
ten thousand to an inth 
which give the fibre its 
name of the striped mus " '^" * '"^" '""' 

cular fibre All of the voluntary muscles present this appear- 
ance 

Stnped muscle cells are from one to one ^.nd one-half inches 
m length and from ^^^ j inch to ^J^j inch in breadth. These 
cells lie jaiallel tr each other in bundles All action of the 
muscles IS accomj liahed bj changes in the shaj e of these cells, 
which act m concert under the co tiol of the nervous system. 

When these cells shorten and thicken the whole muscle 
undeigoes a correapondin„ ohange it contracts when the cells 
narrow and lengthen i siiuilai change occurs in the shape of 
the whole m iscle it lelaxes Each cell is encased in a delicate 
membrane, called aarcolemma, which during life adheres to the 
protoplasm within. Each cell possesses many nuclei which 
lie just under the sarcolemma. Figure 12, a, shows a number of 
these adhering fibrillin; h, shows tiiese bundles torn asunder 
(the sarcolemma is visible at c) ; c, shows how the same cells 
cleave laterally when treated with chemicals such as ammonium 
carbonate. 
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4. Structure of TJnetriped Muscle. — The visceral muscles, 
except those of the (Uapliragm and heart, are not ai'ranged 
in definite bundles, nor aro they atrijwd. They consist of 
plain, elongated cells which taper towai'd the ends. These 
cells have the power of shortening in tha direction of their 
long axes. But their action is much slower than that of 
striped muscular cells. Unetriped muscles, therefore, con- 
tract with a slow, vermicular (woi-m-like) motion. Unstriped 
muscles are much lighter in color than striped muscles. 

5. Heart Muscle. — This muscle is dark iu color, like skeletal 
lOUHcles. Its action is entirely beyond the control of the will. 
The hiatolc^y of heart muscle closely resembles that of skeletal 
muscles. Its cells are striped, but they are ranch smaller than 
the cells of skeletal muscles ; they usually contain only oue 
nucleus, and their ends are branched. These branches fit 
closely into one another. 

6. Flexion and Sztension. — The muscles are, for the most 
part, BO arranged in pairs, or corresponding sets, that when 
motion is produced in one direction by one set, there is, oppo- 
site to it, another muscle, or group of muscles, which brings 
the limb back to its place. When they act alternately, a to- 
and-fro movement results. When a joint is bent, the motion 
is called Jfexiuii ; and when it is made straight again, it is 
called sdffMSiow. When both sets act equally and at the same 




L, Bleeps nmuila 



moment, no motion is produced, but tlie body or limb is main- 
tained in a fixed position: this occurs when we stand ereet. 
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4. Structure of Unstrtped Muscle. — The visceral musclesj 
except those of the dia^jhragtii and heart, are not arranged 
in defiuite bundles, nor are they striped. They consist of 
plain, elongated cells which taper toward the ends. These 
cells have the power of ahorteaiug in the direction of their 
long axes. But their action is much slower than that of 
striped muscular ceils. Unstriped muscles, therefore, con- 
tract with a slow, vermicular (worin-like) motion. Unstrii>ed 
muscles are much lighter in color than striped muscles, 

5. Heart Muacle. — This muscle is dark in color, like skeletal 
juuseles. Its action is entirely beyond the control of the will. 
The histology of heart muscle closely i-esembles that of skeletal 
muscles. Its cells are striped, but they are much smaller than 
the cells of skeletal muscles ; they usually contain only one 
imclena, and their ends are branched. These branches fit 
closely into one another. 

6. Flexion and Ezteasiott. — Tiie muscles are, for the most 
part, so arranged in pairs, or corresponding sets, that when 
motion is produced in one direction by one set, there is, oppo- 
site to it, another muacle, or group of muscles, which brings 
the limb back to its place. When they act alternately, a to- 
and-fro movement results. "Wben a joint is bent, the motion 
is called Jkxion ; and when it is made straight again, it is 
called extension. Whea both sets aet equally and at the same 




moment, no motion is produced, but the body or limb is main- 
tallied ill a fixed position: this occurs when we stand erect. 
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The musclea wMch produce extension are more powui-rul ti 
those opposite to them. Musclea which flex are called flexors; 
those which straighten are called extensors. Other musclea 
draw the limts away from the axis of the body, and are called 
abductors. These are opposed by muscles whose action brings 
the iinib back toward the axes of the body ; auch are, iu con- 
sequence, called adduct07-s. In general, the skeletal musclea 
are paired in the manner just described ; when one contracts, 
mate must relax, and vice versa. This arrangement is 
commonly called antagonistic, 

7. The muscles are also distinguished as the voluntary aad 
invfdunlary muscles, according as they are, or are not, under 
the control of the will. The heart is an example of the invol- 
untary variety. We cannot change its action in the least by 
an effort of the will. When we sleep, and the will ceases to 
act, the heart continues to beat withoiit cessation. Tlie volun- 
tary muscles, on the other hand, are such as are used only 
when we wish or will to use them — as the muscles of the hand 
or arm (Figs. 13 and 14). (Rend Nolc 1.) 

8. The Tendons. — Tendons, or sinews, are the extremities 
of muscles, and are firmly fastened upon the bone. They are 
very strong, and of a silvery whiteness. They may be felt just 
beneath the skin, in certain parts of the body, when the muscles 
are being used, as at the bend of the elbow or knee. The 
largest tendon of the body is that which is inserted into 
the heel, called the tendon of Achilles, after the hero of the 
Grecian poet, the fable relating that it was at this point that 
he received his death-wovmd, no other part of his body being 

I, The Perfection of the Human Hand. — "Gordy counts thirty-four 
diatinct movements of the bund, a.nd if we include the combinations of 
these different movements, we shall reach a, much higher number. Prop- 
erly speaking, the hand belongs to man atone, and its form docs not per- 
mit us u> consider it an ot^q of locomotion, as Is the case with certain 
animab most closely TPsembling man. Notlilng give.i a more complete 
Idea of tJie perfection of the mechanism of (he hand than the eKecuiion of 
loetrumental music. Examine an artist while be plays tbe violin. His 
fingers rest upon the etringa bo as to leave them exactly of the iengtii 

T. netciibe (he voluuUry snd Iniolunur)' muBulBtiUidcIiaeuiiipleeof smIl 6> 1]^' 
xrlbe Um landoDa. UentluQ ons. ^J^H 
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hmid. ThcH numemui muHlei and Ii^udiiDM furui a vsry 
Dlaiu, and taclp lu give ui IhH band lU uiarvallBUEi dexterity 

us bOQDd. They beep Ihs teaduaa In plaus, 

Tulnerable (Fig. 15). The muscles m the 
front part of the thigh unite to form a siii 
.gle and very powerful tendon, and eiiclo&e 
a small bone called the knee-pan, which, 
acting like a pulley, greatly ii^reaies 
their power, and at the same time piotecta 
the front of the knee-joint (Fig. 16) 

9. Muscular Contraction. — The mnsfles, 
when acted upon by the appropriate stim 
nlus, contract, or so change their shape, 
that their extremities are brought nearer 
tt^ther. The bending of the arm, or of 
a finger, ia effected in this manner, by the 
wilt } but the will ia not the only means 
of producing this effect. Electricity, a 
sharp blow over a muscle, and other stim- 
uli, also cause it. Contraction does not i*' 
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always cease with life. In man, after death from cholera, 

automatic movements of hands and feet have been obBerved, 
lasting not less than an hour. In certain cold-blooded animals, 
as the turtle, contraction has been known to take place for 
several days after the head has been cut off. 

10. The property which, in muscle, enables these movements 
to take place is called conlractiliti/. If we grasp a muscle while 
in esercise (for example, the large muscle in the front of the 




, Thlgh-lxii 




-pBU ; C, D, Lflg-boms 



arm), we notice the alternate swelling and decrease of the 
muscle, as we move the forearm to and fro. It was at one 
time supposed that the muscle actually increased iu volume 
duriug coutraction. This, however, is not the case; for the 



nectaaary for the tones they are to give. The half of a milliuml.re, more 
or less, );reai1y chnnge^ the accuracy of the note ; and a i^lionl a niilli- 
metre out of place ptndnueH a note wiiich even the unpraclisod ear can 
recognize as false. But the fingers fall upon the stringti at preciaety the 
point required. They niu over theui, succeediug each oUier with giddy 
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iimsple, while gainiug in thickness, loses in length in the same 
proportioa; and tlius the volume remains the same in action 
and at rest. 

. Contraction is not tlie permanent, or normal state of a 
muscle. -It cannot long remain contracted, but after a time it 
wearies, and is obliged to relax. After a short rest it can then 
again conti'act. It is for this reason that the heart can beat 
all through life, night and day, by having, as we shall here- 
after see, a brief interval of rest between successive contrac- 
tions. For the same reason, it is more fatiguing to stand for 
any great length of time In one position, than to-be walking 
for the same period. Intimately associated with muscular 
tissue in all parts of the body is more or leas fat, or adipose 
i especially abundant directly under the skin, to 
which it gives an. appearance of plumpness and smoothness. 
In prolonged illness, where emaciation is the result, the body 
uses the stoied-up fat for nourishment, Pat also gives symme- 
try to the body, serves as cushions, and protects from sudden 
chajiges of temperature. The histology of adipose tissue shows 
that the fat cells are very simple in construction. They are 
usually round or oval in shape, possessing a cell wall, enclos- 
ing a globule of fat. The nucleus of the cell from which it 

rapidity, following every imt^inable combiimtion, and yet tlie liand gliding 
over the instrument incessanliy chimses its position. .Sometimes a single 
finger produces uu isolated note ; suiiietimeH two or three act simultane- 
ously to produce a concord ; while a fourth, atrilcing a string with increaa-. 
lug rapidity, produces a trill wliich rivals the nightingale. Add to all 
tbeae the modifications neceaeary to aweit the sound or let it die away — 

In a word, tliat constitutes musicHl expression — And it will be admitted 
that this mechanism is allied to the wonderful, and that it snrpaases the 
most perfect productions of human art." A further idea of the rapidity 
erf Uie band's movements is given in the playing of a sbiiful pianist, whose 
hands, oftenest occupied together, produce on an average six to eight 
notes at a time, or aliout 6j0 itot^s in a minute in medium time, and 960 

la in eslremely quick time. — The Wonders of the Human Body. 
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was developed remMna in a flattened form, eurrounded by a 
ill amount of the original protoplasm at one side of the ceil, 
between the oil globule and the cell wall. 

12. Relative Strength <rf AnimalB. — The amount of muscular 
power which ditferent animals can exert, has been tested by 
experiment. By determining the number of poimds which an 
animal can drag upon a level surface, and afterward comparing 
that with its own weight, we can judge of ita muscular force. 
It is found that man is able to drag a little less than hia own 
weight A draught-horae can exert a force equal to about 
two-thirds of hia weight. The horae, therefore, though much 
heavier than man, is relatively not ao powerful. 

13. Insects are remai'table for their power of carrying 
objects larger and heavier ttian themselves. Many of them 
can drag ten, and even twenty times their weight Some of 
the beetles have been known to move bodies more than forty 
times their own weight. So far, therefore, from it being a fact 
that animals have strength in proportion to their weight and 
bulk, the reverse of that statement seems to be the law. 

14. Physical Strength. — The difference in strength, as seen 
in different individuals, ia not due to any original difference in 
their muscles. ^Nature gives Essentially the same kind and 
amount of muscles to every healthy peraon, and the power of 
one, or the weakness of another, ariaea, in great part, from the 
manner in which these organs are used or disused. 

15. Many authors complain of the physical degeneracy of 
nen at the present day, as compared with past generationa. 
There is room for doubt aa to the correctness of this statement 
Certain experiments have recently been made with the metallic 

Lor worn seven hundred years ago, by which it is foiind that 
any man, of ordinary height and muscidar ilevelopment. Can 
carry the armor and wield the weapons of an age supposed to 
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15. Complnlpt In relatkin to degeneruji 
Tlie (Mr lujipoBliion. 




W be greatly our superior in strength. When wa consider that in 
those days only very strong men could endure the hardships ot 
Boldier-Iife, it is fair to suppose that our age has not so gi-catly 
degenerated in respect to physical strength. 

16. Importance of Exercise. — Action is the law oE the living 
body. Every organ deuiauds use to preserve it in full vigor, 
and to obtain from it its best services. The value of that 
training of the miud, which we call education, is everywhere 
recognized. The child is early put to school, and for many 
years continues to study, in order that his brain, wldch is the 
great centre of mental power, may act healthfully and power- 
fully. It is important that the muscles, also, should receive 
their education by exercise. .This la true, not only iu respect 
to children, but also of adults whose occupation confines them 
■within doors, and requires cliiefly brain-work. 

17. Persons who are engaged in manual labor in the open 
air obtain all the exercise necessary for bodily health in their 
regular business : their need is more likely to be a discipline 
or exercise of the mind, A perfect business of life, therefore, 
would be one which would combine both physical and mental 
labor in their proper proportions. If such a business were 
possible for all the human race, life would thereby be vastly 
prolonged. Such, in fact, is to a large 'extent the occupation 
pertaining to one period of life — childhood. One part of the 
time is given to study, and another to muscular education by 
means of games and sports. The restlessness and playfulness 
of children is not only natural but beneficial. 

18. The Effects of Exercise. — Exercise consists in a well- 
regulated use of the voluntary muscular system. The effects, 
however, are not limited to the parts used. Other organs, 
which are not under the coutrol of the will, are indirectly 
influenced by it. The heart beats more rapidly, the skin acts 

.more freely, the temperature rises, the brain is invigorated, 

r>lalngof the miDdl Tbe child'a brmlnr EdnaUDn 
■feot builncM T The ooDuqaenu oT iuil¥«tMl QeiftRk 
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and, the appetite and power of digestion are increased. An 
increased exhalation from the lungs and skin purifitis the ciir- 
lent of the circulation, and the body as a whole thrives under 
its influence. (Bead Nota 2.) 

19. The first effects of exercise, howeTer, are upon the 
muscles themselves ; for by use they become rounded out and 
firm, and increase in power. If we esamine a muscle thoa 
improved by exercise, -we find that its fibres have become 
larger and more closely blended together, that its color ia of a 
darker red, and that the supply of blood-vessel a has incieased. 
Without exercise the muscle appears thin, flabby, and pale. 
On the other hand, excesaive exercise, without sufficient relax- 
ation, produces in the muscle a condition not very different 
from that which follows disuse. The muscle is worn out 
faster than nature builds it up, and it becomes flabby, pale, 
and weak. 

20. Violent exercise is not beneficial; and spasmodic rfforts 
to increase the muscular strength are not calculated to secure 
such a result. Strength is the result of a gradual growth, and 
is most sui'ely acquired if the exercise be carried to a point 
short of fatigue, and after an adequate interval of rest. To 
gain the most beneficial residts, the exercise should be at regit- 

2. Besitli in Athletic Exercise. — " Health is perpetual youth — that 
is, a state of positive liealth. Merely negative healtli, the mere keeping 
oat of the hospital for a cumber of years, is not health. Health ia to feel 
Uie body a luxury, aa every vigorous child does ; as the bird does when 
it shoots and quivers through the air, not flying for the »ake of the goal, 
but for the sake of flight ; as the dog does when iie scours madly acroBs 
the mesdowB, or phinges into the nmddy blissfulcess of the stream ; but 
neither bird, nor dog, nor child enjoys tus cnp of physical hat^ineBs — 
let the dull or the worldly say what they wiB— with a felicity bo cordial 
as the educated palate of conscious mauhood. To ' feel one's life in every 
limb,' this is the secret bliss of which all forma (>f athletic exerclae are 
merely varying disguises ; and it is absurd to say that we cannot possess 
(his when character is mature, but only when it is half developed. As 
the flower ia better than the bud, so should the fruit be better than the 
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4. Stnicture of Unstriped Muscle. — The visoeral muscles^ 
except those of the diaphragm and heart, are not arranged 
in definite bundles, nor are they striped. They consist of 
plain, elongated c^lls which taper toward the ends. These 
cells have the power of shortening in the direction of their 
long axes. But their action is much slower than that of 
striped muscular cells. Unstriped muscles, therefore, con- 
tract with a slow, vermicular (worm-like) motion. Unstriped 
muscles are much lighter in color than striped muscles. 

5. Heart Muscle. — This muscle is dark in color, like skeletal 
muscles. Its action is entirely beyond the control of the will. 
The histology of heart muscle closely resembles that of skeletal 
muscles. Its cells are striped, but they are much smaller than 
the cells of skeletal muscles; they usually contain only one 
nucleus, and their ends are branched. These branches fit 
closely into one another. 

6. Flexion and Extension. — The muscles are, for the most 
part, so arranged in pairs, or corresponding sets, that when 
motion is produced in one direction by one set, there is, oppo- 
site to it, another muscle, or group of muscles, which brings 
the limb back to its place. When they act alternately, a to- 
and-fro movement results. When a joint is bent, the motion 
is called flexion ; and wjien it is made straight again, it is 
called extension. When both sets act equally and at the sanie 




Pig. 18. — Raising the Forearm. A, Biceps muscle 

moment, no motion is produced, but the body or limb is main- 
tained in a fixed position: this occurs when we stand (i\:e,<it, 

4. How do y\scers] muscles differ from skeletal muscles? X>, lift&cx^Xift \>cxft\i«as\.\si'v«iS3i*«k 
A Wbst is Sexioa f Extension f 
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lar hours and during a regular period, the activity and the time 
varying with the streugth of the individual, and carefully 
measured by it. {Mfad Koce 3.) 

21. Different Modes of Exercise. — There are very few who 
have not the power to walk. There is re(iuired for it no 
e.tpensive apparatus, nor does it demand a period of prelimi- 
naiy training. Walking may be called the universal exercise. 
With certain foreign nations, the English especially, it is a 
very popular exercise, and is practised hahitually by almost 
every class of society ; by the wealthy who have carriages, as 
well aa by those who have none ; by women as well as by men, 

22. Kuuning, leaping, and certain other more rapid and 
violent movements ai'e the forma of exercise that are moat 
enjoyed in childhood. For the child, they are not too severe, 
but they may be so prolonged as to become injurious. Instances 
have been recorded where sudden death has resulted after 
violent playing, from overtaxing the heart: for example, we 
have the caae of a young girl who, while skipping the rope, 

t. The ni-effects of Over-exsttion, — "It should be recollected thiit 
the action of Che njuaclei) has limits, as well as that of ever; other orpfla 
at the body. The muscles and the heart may be taxed too severely, and 
permanent derange nicuta may bo produced by overtaxing the human 
body. The ancieut gymDHsts among the Greeks are safd to have become 
prematurely old, and the clowns (or acrobats) and athletes of mtr own 
dfiys suffer from the aevere sliain put upon their mnaoularaysU'ms." The 
eUeuts of boat-racing in England have been thus described by Dr. Skey, 
ao eminent surgeon: "The men look utterly exhausted. Their white 
and Ronken features and pallid lips ^ow serious congestion o( the heart 
and lungs, and the air of weakness and lassitude makes it a marvel how 
such great exertion should have been so nobly undergone. We have 
repeatedly seeu the after ill-eSects — spitting of blood, congested lungs, 
and weakness of the heart from over-dislenslon." " Persons should 
neither walk, run, leap, or play at any game, to the ext«nl of producing 
permanent or painful exhaustion. All exercise should be attended with 
pleasurable feelings ; and when pain le produced by proper exercise, those 
who suffer should rather seek medical advice than persevere in exercise." 
— Lankester'a Manual nf Beallh. 
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and endeavoring to excel her playmates by imnping tlie great- 
est number of times, fell dead from rupture of the heart. 

23. Carriage-riding is particularly well suited to invalids 
and persons advanced in life. Horseback exercise brings into 
use a greater number of muscles than any other one exercise, 
and with it there is an exhilaration of feeling which refreshes 
the mind at the same time. It is one of the manliest of exer- 
cises, but not less suitable for women than for men. To be 
skilful in riding, it should be begun in youth. 

L. For those who live near streams or bodies of water, 
there are the delightful recreations of boating, swimming, and 
skating. Certain of these exercises have a practical importance 
e from and above their use in increasing the physical vigor. 
This is especially true of boating and swimming, since they are 
often tbe means of saving life. Practice in these exercises 
also teaches self-reliance, courage, and presence of 
Persons wbo have become proficient in these vigorous ese 
are generally the ones who, in times of danger, are the quickest 
to act and the most certain to do so with judgment. 

2S. Phyaical Culture, — That form of exercise which interests 
and excites the mind, will yield the best results ; but to some 
persons no kind of exertion whatever is, at first, agreeable. 
They should, nevertheless, make a trial of some exercise, 'in 
the expectation that, as they become proficient in it, it will 
become more pleasant. In exercise, as many sets of muscles 
should be employed as possible, open-air exercise being the 
best. Parlor gymnastics and tbe discipline of the gymnasium 
are desirable, but they should not be the sole reliance for 
physical culture. No in-door exercise, however excellent in 
itself, can fill the place of hearty ajid vigorous activity in the 
open air. {Read NoU 4.) 

4. Exercise sboald be Pleasurable. — "The world seldom attacheH 
much value to things which are plain and easily understood. The dervish 
in the Eastern allegory, well aware of this weakneBS, knew that it would 
be in vain to recommend the sultan, for the cure of his disease, aimply to 
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iiW. JCxcesaive EzerciHes, — If neglect of exercise is injurious, 
so also is the excess of it. Violent exertions do harm ; they 
often cause undue strain, and even lasting injuiy to some part 
of the body. For this reason the spirit of rivalry which leads 
to tests of endurance and feats of strength should be dis- 
couraged. Those trials of the muscles, especially, which are 
siipposed to demand "training," shoidd not be encouraged. 
Training, it is true, can produce a remarkable muscular develop- 
ment, so that nearly every muscle of the limbs is as large and 
corded as the arm of a blacksmith ; but it ia too often at the 
expense of some internal, vital organ. Large muscles are not 
a certain index of good health. It was well known by the 
ancients that athletes of their day were short-lived, notwith- 
standing the perfection of the physical training then employed. 
When a person overtasks the heart, or, in other words, •' get-3 
out of breath," he should regard it as a signal to take rest. It 
is well known that both horses aud men, after having been 
Drought into " condition" for competitive trials, soon lose the 
advantages of their training after the occasion for it has 
passed. 

27. Gymnaetic ExerciaeB for Scbools and CollegeB, — In the 
system of education among the ancients, physical culture pre- 
dominated- In ancient Greece, physical exercises in schools 
were prescribed and regulated by law, and hence these schools 
were called gymnasia. At the present time, on the contrary, 
this culture is almost wholly unknown, aa a part of the course 
of education, in our schools, and but to a limited extant in 

take exerclHe. He knew thnt mtinkind in general required to be cheated, 
gulled, cajoled, even into doing that which ia to benefit tliemselves. He 
did not, therefore, tell the aultan, who consnited him, to take exerciHe, but 
he Baid to him : ' Here ia a ball, which I have stufFed with certain rare, 
coati;, and precious medicinal herbs. Yoar highness must take this bat, 
and with it beat about thle ball until you iierspire very freely. Yon must 
do tills evei7 day.' His highness did eo, and in a short time the exercise 
ofplayingattiatandball with the dervish cured hia malady," — FirttMelp. 
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colleges. In a few of 'our schools, However, phyaicf 
have been introduced, with manifest ailvantage to the students, 
and they form a, part of the regular euvricultnn of exercises, - 
aa much so as the recitations in geography, grammai', or Greek. 
The good effect of the experiments, as shown in improved 
scholarship aa well as increased bodily vigor, in the institutions 
where the plan has been tried, will, it is hoped, lead to its 
universal adoption. Wa should then hear leas frequently of 
parents being obliged to withdraw their children from school, 
because they become exhausted or, perchance, have lost their 
health from intense and protracted mental application. 

28. "Were gymnastics more common in our educational insti- 
tutions, we should not so often witness the sad speotaele of 
young men and women leaving our colleges and seminaries, 
with finished educations it may be, but with eonstitutions so 
impaired that the life which should be devoted to the accom- 
plishuieut of noble purposes must be spent in search of health. 
Spina! curvatures, which, according to the expefionue of phy- 
sicians, are now extremely frequent, especially among women, 
would give place to the steady gait and erect carriage which 
God designed his human creatures shoidd maintain. (_Bead 
JVotea Sonde.) 

6. Bealtli and Stieneth are not always Identical. — "Health and 
■trength are not Bynonymons terms. A person may have great strengtti 
In 1i[b limbs, or In certain muaclas abuui Clie body, but really not liave 
good health. It is altogether a mietakan idea to auppose that physical 
exercises have for their sole object the attainment of Btrengtb. There 
are other tisaues and orgnns In the human eystein besides tbe muscular ; 
and the healthy action of the lungs and the stomach is far more important 
than great strength in the arms, legs, or Ihe back. It la here, in thii 
general eiercise of all the muBcles and parts of the body, that a well- 
regulated system of gymiiaMics has iW great eKcellence. It aims to jio- 
duce just tbat development of the human system upon which good bealUi 
la permanently based, described by a. dietinguiahcd writer as follows: — 
' Health is the uniform and regular performance of all the functions of 
the body, arising from the harmonious action of all itsparia,' — aphyrical 
condition implying that all are aoinid, well-ntting, and well-matched. 
Some minds do not look far enough into lite to see lliis distinction, or to 
value it il seen ; they fix their eyes longingly upon rtrenffi A— upon strength 

M. W»»e3TniuitUMini.r.<«.mmnnf T" "hnn™ «pln»I ourtitarMdMl ^^m 
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29. All the exercises necessary for the proper development 
of the tody may he obtained from the use of a few simple con- 
trivances, that every one can hare at home at little cost— less 
by far than that of useless toys. . Many of these may be made 
available Lh the pai'lor or chamber, though all eseceises ai'e far 
e useful iu the open air. A small portion of the day thus 
Bpent will ali'ord agreeable recreation, as well as useful exer- 
cise. The Indian olub, the wand, tlie riug, and the light 
wooden dumb-bell are among the articles devised to assist iu 
the smooth performance of class drill. Pleasant music timed 
to tlie movements of the di'ill is a further aid, just as martial 
music by a good band is a great help to soldiers on the march. 

SO. Home GymnastiCB. — This is perhaps a better name than 
parlor gymnastics for those exercises which may be practised 
by individuals at home. Apparatus of various forms, and 
gener^y simple in construction, has been, devised, and may he 
had at small cost. It can be set up in almost any room in the 
house. In. some of these appliances cords or bauds of rubber 
and pulleys are used; in others, simply weights with cords 

now, and seemingly oare not for the power to work long, to work well, 
to work anccesafnlly hereafter, which is fteottft."— i>r. Nathan Alien on 
Fhysifal Culture. 

8. On Eecreation. — ■"Our whole method of amasements, espeeiaUy for 
the yonng, should be reformed. Gas-light should yield to daylight, niglit 
Vapors in healed and close rooms should give way to fresh air under tlie 
open heavens, and oar youn^ people sliould be brought up to work and 
playunder the ministry of that great solar force which is tlie most benign 
and god-like agent known to men. Ardent spirila and tobacco should be 
given np, and in their stead genial exercise of riding, gymnastius, and 
the danoe, with music and all beautiful arts, should be employed to slir 
the languid powers and soothe the troubled nfEectiouB, The old Greeks 
tftnght innslc and gymnastics as parts of education, and Plato, in urging 
the importance of these, still maintains thiit the soul is superior in the 
body, and religion is the crown of all true culture. Why may not Cliris- 
tian people take as broad a position on higher ground, and with a genernus 
•nd genial culture assoalate a faith that is no dreamy sentiment or idi^al 
abstraction, but the best power of man and the supreme grace of God." 
—Bee. Dr. Oegood on " The Skeleton in Modern Society." 



IHE MUSCLES 



ina^^^ 



and pulleys, without ■ elastic material. The latter kini 
better, inaamuch as the movement ia even and the action of 
the muaele steady, while with 
rubber bands the faither they are 
stretched the greater is the exer- 
I iiiii. No apparatus yet invented 
iinswers its purpose so well as the 
'■diestweight" (seeFig.lZ). By 
its use all tbe prominent muscles 
nf tbe body are easily exercised. 
No instruction is necessary and 
tbe space occupied is easily 
spared. A person is obliged only 
to grasp the handles and then 
follow the simple directions given 
to bring into action whatever 
muscles or groups of muscles he 
wisbes to exercise. The weight 
can be changed to suit the 
strength of the one exercising, 
rm.ii, — iiTF, '(liE.-T WE.QHT Jllustrations showing a few of 

the positions and movements that are recommended with one 
of the chest weights, are given, in the Appendix, page 367. 

81. In addition to the movements mentioned many others 
might be employed, varying with the particular muscles or 
parts that reqiure to be exercised. Combinations of cords and 
pulleys suitable for particular cases can be made, and the 
resistance of the weights adjusted to tbe needs of the weakly 
and the young, as well as to tbe most robust. These exercises 
are by no means limited to those who are in health and who 
resort to them as a relaxation from long study or sedentary 
occupations. Persons who are not strong, who cannot take 
advantage of school drill, or who are convalescing from sick- 
ness, may, under suitable conditions, be especially benefited by 
them. Not all the movements should be tried at first, but, on 
the contrary, there should be a careful selection of two or 
three that seem to be best suited to the needs of the patient 
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These exercises must also be undertaken gradually and in- 
creased in proportion to the ability of each individual. There 
should be some degree of uniformity aa to the time of day 
as well as to the form and duration of the gymnastic effort 
engaged in. Keniember always to stop short of the point 
where manifest fatigue begins to be felt, regardless of the 
Bhortness or the length of the time. The keynote to beneficial 
home exercise is to put into use as many muscles as is proper 
and safe, without bringing about a feeling of e."chaustion. If 
exhaustion ia produced, the exercise passes into violence, and 
B3 we have formerly learned, violence is harmful. It must be 
remembered that these movements not only develop the parts 
named, but each movement exercises many other muscles at 
the same time. In Tigs, 9 and 10 (App.) always take a deep 
breath before each motion. Then the pressure of the tilled 
lungs, together with the action of the muscles, will more 
quickly widen and deepen the thorax. 

32. Rest. — We cannot always be active: after labor we 
must rest. We obtain this test partly by suspending all exer- 
tion, as in sleep, and partly by a change of employment. It 
is said that Alfred the Great recommended that each day 
shoidd be divided in the following manner : "Eight hours fur 
work, eight hours for recreation, and eight hours for sleep." 
This division of time is aa good as any that could now be 
made, if it be borne in mind that, when the work is physical, 
the time of recreation should be devoted to the improvement 
of the mind ; and when mental, we should then recreate by 
means of physical exercise, 

33, During sleep, all voluntary activity ceases, the rapidity 
of the circulation and breathing diminishes, and the temperar 
ture of the body falls one or two degrees. In consequence, the 
body needs warmer coverings than during the hours of wake- 
fulness. During sleep, the body seema wholly at rest, and the 
mind is also inactive, if we except those involuntary inental 
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wanderings whicli we call dreaiaa. Nevertheless a very « 
and important physical process is going on. Nutrition, or the 
nonrishing of the tissues, now takes place. While the hody is 
in action, the process of pulling down predominates, but in 
sleep, that of building up takes place more actively. In this 
way we are refreshed each night, and prepared for the work 
and pleasures of another day. If sleep is insufficient, the 
effects are seen ia the lassitude and weakness which follow. 
Wakefulness is very frequently the forerunner of insanity, 
especially among those who perform excessive mental labor. 

34. All persons do not require the same amount of sleep, hut 
the average of men need from seven to nine hours. There are 
well-authenticated cases where individuals have remained with- 
out sleep for many days without apparent injury. Frederick 
the Great reqiured only five hours of sleep daily, and Bonaparte 
could pass days with only a few hours of rest. But this long- 
continued absence of sleep is attended with danger. After 
loss of sleep for a long period, in some instances, stupor has 
come on so profoundly, that there has been no awaking. 

35. There are instances related of sailors falling asleep on 
the gun-deck of their ships while in action. On the retreat 
from Moscow, the French soldiers would fall asleep on the 
march, and could only be aroused by the cry, "The Cossacks 
are coming ! " Tortured persons are said to have slept upon 
the rack in the intervals of their torture. In early life, while 
engaged in a laborious country practice, the writer not imfre- 
quently slept soundly on horseback. These instances, and 
others, show the imperative demand which nature makes for 
rest in sleep. 

36. Alcohol and Streng^ili. — Alcohol, a substance to be fully 
described in our subsequent chapter on Food and Drink, merits 
consideration at this point by reason of the mistaken views 
held by many as to its beneficial effects upon the muacles, 
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when they are put into vigorona use, and especially into daUy 
manual labor. It is well known that for generations it was 
thought to be essential to eveiy army and navy o£ the civilized 
■world that "grog" — which containa aluuhol — should be regu- 
larly issued to the hard-worked soldier and sailor, especially 
when they were in the actual service of war. To the slaves, 
also, on many plantations, during the days of slavery in this 
country, a daily ration of rum was given out in the busy 
seasona, in. the belief that thus better results, in regard to the 
amoimt of muscular labor, were secured. So, too, in nearly 
every walk of life where hard muscular labor was demanded, 
a similar belief and practice commonly prevailed, and some 
form of alcohol was'resorted to as a trusty servant whenever 
any great or unusual amount of labor was to be called forth. 

37. How Alcohol affects the Muscles. — The seientitic progress 
of recent years, however, has put the question in a different 
light, and it is now the commonly received view of scientific 
men that the benefits to labor derived from alcohol were ap- 
parent and not reaL Alcohol adds nothing to our bodily 
energy ; it may spur up the musclea to a temporary and extra- 
ordinary exertion, but it does not atrengthen the musclea any 
more than does the whip or the spur, that is applied to a hard- 
laboring horse to make bini go faster, add to his strength. 

38. Experiments have been made with instruments con- 
structed for the purpose, and the results carefully recorded, 
and these show that a less degree of muscular power is pos- 
Bcssed by the same person when he is under the influence of 
alcohol than wheu he has not taken it (see foot-note on p. 241). 
This is no secret to men who go into training to bring about 
the best possible development of their muscular strength ; men 
who intend to engage in contests, such aa boat-raeing, foot- 
racing, and a great variety of other athletic sports, are taught 
to abstain entirely from all forms of drink that contain alcohol 
if they would bring their powers to the highest point. The 
endurance of severe and prolonged bodily labor is not favored 
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by the uae of alcobol. The test recently made upon d 
troops duriDg the war in the Soudan, showed that the exhaust- 
ing work, privation, and the burning heat of the desert can be 
better endured by those who have not, than by those who have 
the ration of grog. The time is coming when this ration will 
be a thing of the past, and that, too, for good scientific reasons. 
39. Abnormal Uovements due to Alcohol. — The amount of 
disturbance in the muscular system that is produced by alcohol 
varies greatly under different circumstances. It may be very 
great or very slight according as a great or small dose of liquor 
is taken. The tongue, the organ of speech, is a muscle that 
early betrays the presence of drink. This is the cause of what 
is called the " thick " speech of the drunken man, whose words 
are not correctly uttered but are dropped, cut short or run 
together in an imusual and oftentimes unintelligible manner. 
' " Seeing double " is another muscidar disti^rbance observed in 
drunkenness. At a certain stage of the drunken fit every 
single object appears to the victim to be double. In this case 
the muscles that move the eyeballs are at fault; they are 
temporarily deranged, so that the two eyeballs cease to move 
harmoniously and are no longer brought to bear upon the 
objects before them, as in health, and the images of two objects 
are reported to the brain, while in reality there is only one. 
Then, too, objects that are at rest appear to be in motion, 
because the eyeballs are affected by an unsteady, rolling 
motion. This is one reason why, at a certain stage, the 
drunken man who tries to walk abroad, begins to stagger from 
side to side over the sidewalk, to stumble and perhaps to fall, 
and sober men appear to him to stagger and be drunk. The 
muscles of his limbs also, in their turn, becoming weakened, 
or not being properly controlled, may refuse to sustain the for- 
lorn pedestrian, and he may be seen clinging for support to 
some friendly lamp-post, or, later on, sinking powerless into 
the gutter. 
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1. What can yon state at tlie number and diviaiim ii[ the musclnH?. ... 33 

2. Desoriba the stractureof the mnscles 33, M 

3. Their arrangemeat in pain and consequent action 38 
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4. Structure of TTnstriped Muscle. — The visceral imiBcles, 
oept thosu of thu (lia;ihragiii and heart, are not arranged 
in definite liuniiles, uoc are they striped. They consist of 
plain, elongated cells which taper toward the ends. These 
cells have the power of shorteaiug in the direction of their 
[ axes. But their action is much slower than tliat of 
Btriped mnscular cells. Unstripi^d muscles, therefore, coii- 
ti'act with a slow, vermicular (worm-like) motion. Unstriped 
muscles are much lighter in color than striped muscles, 

. Heart Muacle. — This muscle is dark in color,Iike skeletal 
niuacles. Its action is entirely beyond the eontrol of the will. 
The histology of heart muscle closely resembles that of skeletal 
mascles. Its cells are striped, but they are much smaller than 
tlie cells of skeletal muscles ; they usually contain only one 
nucleus, and their ends are branched. These bi-ancJies fit 
closely into one another. 

Flexion and Extension- — The muscles are, for the most 
part, so armnged in pairs, or corresponding sets, that when 
motion is produced in one direction by one set, there is, oppo- 
eite to it, another muscle, or group of muscles, which brings 
the limb back to its place. When they act alternately, a to- 
and-fro movement results. When a joint is bent, the motion 
is called flexion ; and when it is made straight again, it is 
called ejiension. When both sets act equally and at the same 
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moment, no motion is produced, but the hotly or limb is main- 
tained in a fixed position; tliis occurs when we stand erect. 



1, Xtt/K^iat 'AraVMniB 




JTu Integument— Ila Structure — The Nails and Hair—Tke Complex- 
ion — The Sebaceous Glands — The Perapiratury Gldndg — Perspiration 
and Its Uses — Importance of Bathing — Different Kinds of Balhs — 
Manner of Bathing — The Benefits of the Sun — Importance of Warm 
Clothing ^- PoUonoui Cosmetics 

1. The Skin. — The skin is the outer covering of the body. 
Tlie parts directly beneath it are very sensitive, and without 
its protection life would be an agony, as is shown whenever by 
accident the skin is broken or torn off, the bared surface being 
very tender, and sensitive even to exposure to the air. Nature 
has provided the body with a garment that is soft, pliable, 
close-fitting, and very thin ; and yet suifieiently strong to ena- 
ble na to come in contact with the objects that surround us, 
without inconvenience or suffering. 

2. The Structure of the Skin. — When examined under the 
microscope, the skin is found to be made up of two layers — 
the outer and the inner. The inner one is caJled the culia, or 
true skin ; the outer one is the epidennis, or scarf-skin. The 
latter is also known as the cuticle. These two layers are closely 
united, but they may be separated from each other. This sepa- 
ration takes place whenever, frOm a burn or other cause, a 
blister is formed ; a watery fluid is poured out between the 
two layers, and lifts the epidermis from the true skin. Of the 
two layers, the cuticle is the thinner in most parts of the body, 
and has the appearance of a whitish membrane. It is tough 
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and elastic, is without feeling, and doea not bleed when cut 
Examine it more closely, and we observu that it is composed 
of minute flat cells, closely compacted, and arranged layer 
upon layer. 

8. The outer layer, the epidermis, is constantly being worn 
out, and falls from the body in the form of very fine scales. 
The scales are dead cells, which are loosened, either singly or 
in groups. Sometimes large portions of the epidermis ai'e thus 
removed. In the scalp such portions are called dandruff. The 
parts which roll up on the skin when it is thoroughly moist 
ened by perspiration or the bath are from the epidermis. The 
" peeling " of scarlet fever comes fi'om the same source. But 
the epidermis doea not wear out. It is constantly renewed 
from the surface of the cutis. Here new, delicate, round cells 
are constantly being formed, each new layer crowding its pred- 
ecessors nearer the surface. Where the sm-fafie of the body 
is most subject to friction, as in the palm of the hand and 
Boles of the feet, new cells form most rapidly, and consequently 
the epidermis becomes exceptionally hard and thick. 

4. The cutis, or true skin, lies beneath the epidermis, and is 
its origin and support. It is firm, elastic, very sensitive, and 
is freely supplied with blood-vessels. Hence, a needle entering 
it not only produces pain, but draws blood. It is closely 
connected with the tissues below it, but may be separated by 
means of a sharp instrument. The surface of the cutis is not 



1. Tbe Benewal of the Cuticle. — The Hkin is not a permanent sheath, 
but is, as it were, always wearing out and rubbing off, and new skin is 
always rising up from underneath. A snalte le.ives off his whole sltin at 
once, as we leave o3 a suit of nlotliea or a dress, and aometimes we may 
find his whole oast-olT covering turned inside out, just as he cr^pt out of 
Jt. In man, generally, we do not notice the deaii particles of the skin as 
It wears off ; hut where the cuticle is pretty thick, as on the soles of the 
feet, we can see it peel off in little rolls whenever we wash the feet in hot 
water. After scarlet fever, too, sometimes the dead akin comes off in 
great flakes, and from the hands almost like the fingers of a glove. 
— BernWB. 

I. W««rlii( out nr lie cnHcLe T What Di™ » Variety In tblckneaa of cuUcief H™ 
WNMtuittd Airr 

*. LooMJoniaaoUiiao/Uieeuiljir What flittUetls siV4oltt1 ■Se^'ffliEl "tQiuJ&y _ 
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inooth, but covered here and there with minute elerations, 
called j)«p?H(c. These are arranged in rows, or ridges, such aa 
tliose which mark the palm and thumb; their number is about 
1 the square line (a line being one-twelfth of an inch). 
These papiUw contain blood-vesaels and nerves also, and are 
largely concerned in the sense of touch ; hence they are 
abundant wliere the touch is moat delicate, as at the ends 
of the fingers. The akin is fastened to the underlying tissues 
by a loose elastic (areolar) tissue. This contains fat during 
youth aud middle life. The gradual absorption of this fat as 
old age approaches gives the 
skill a wrinkled appearance. 
This layer is called the sub- 
c'ltaneous layer. 

5. The Nails and Hair. — 
• These are modified forms of 
I cuticle. The nail grow a 
I from a fold of the cuticle at 
f the root, and from the under 
i burface. As fast as it is 
formed, it is constantly being 
died outward,* The rapidity 
of its growth can be ascertained 
by filing a slight groove on its 
i.TM»eKmir. surface, and noticing how the 
ini"««i*' ^" ^P^? between it and the root 
of the nail increases, in the 
course of a few weeks. Wlien the nail is removed by an 
accident, it will be replaced by a new one, if the root be 
not injured. (iVo(es2 ondB.) 

■ The practice of bftingthe nails should be avoided not only because 
of the ugly shape which is produced, hut because it impKira the sense uf 
touoh in the ends ol the fingers. In parins the nails, lei tbem remain long 
enough nearly 10 cover the pulp nt the tinker. Avoid scraping either sur- 
face of the tiall ; (16 not injure the " quiclt." 

. The Life of the CeUs of the Body. — " The life of the body is long 
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4. Structure of Unstriped Muscle. — The viaoeral muscles, 
except those of the diaphragm and heart, are not arrauged 
in definite bundles, nor are tliey striped. They consist of 
plain, elongated cells which taper toward the ends. These 
eella have the power of shortening in the direction of their 
long axes. But their action ia much slower than that of 
striped muscular cells. Uustriped muscles, therefore, con- 
tract with a slow, vermicular (worm-like) motion. Unstrijwd 
muBcles are much lighter in color than striped muscles. 

5. Heart Muscle. — This muscle is dark iu color, like skeletal 
muscles. Its action is entirely beyond the control of the will. 
The histology of heart muscle closely resembles that of skeletal 
muscles. Its cells are striped, but they are much smaller than 
the cells of skeletal muscles; they usually contain only one 
imcleua, aud their ends are branched. These branches fit 
closely into one another. 

6. Flexion and Ezteasion. — The muscles are, for the most 
paat, so arranged in pairs, or corresponding sets, that when 
motion is produced in one direction by one set, there is, oppo- 
site to it., another muscle, or group of muscles, which brings 
the limb back to its place. When they act alternately, a to- 
and-fro movement results. Wlien a joint is bent, the motion 
is called fte-rion ; and when it is made straight again, it is 
called extension. When both sets act equally and at the same 




moment, no motion ia produced, but the body or limb ia main- 
tained in a fixed poaitiim: this occurs when we stiind erect. 
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9. Complexion. — In the deeper cells of tlie cuticle lies 
pigment^ or coloring-matter, consisting of minute colored grains. 
On this pigment com^fea'/oradependBj and its presence, in less 
or greater amount, occasions the difference of hue that exists 
between the light and the dark races of men, and between the 
blonde and the brunette of the white races. Freckles are due 
to an irregular increase of this coloring matter. 

10, The sun has a powerful influence over the development 
of this pigment, as is shown by the swarthy, hue of those of 
the white race who have colonized in tropical climates. It is 

also well illustrated by the fact^ 
that among the Jews who have 
settled in northern Europe, 
there are many who are fair- 
coiuplexioned, while those re- 
sidinn; in India are as iJark as 
tlic Hindoos around them. 

11. An Albino is a person 

«ho may be said to have no 

1 lex on that is there la 

e t e absence of coloiiug 

tt r from the sk n ha r and 

of the ej e Tl is cond t on 

c sts fro 1 b rth ad more 

f e pe tly occurs among the 

o» a H u 6u I itii dark races and in 1 ot limatea 

although it has been observed m almost eveiy race and clune 

IZ. Sebaceous Glands — In ill parts of the s rface where 

the baits gro v a e to be found the aeh t eo a or oil producing 





lives four montha n inn mer and Ave 
80th jear, has changed liis nail 300 timeH. 
such an Inanimate, unviLrylng thing 1 N 
life nearly so long us that of the uail." 
Heinrich Frey, 



vmter A person dymg in his 
.t least — and the nail appeared 
I other cells, we believe, have » 
— Compendium of Hialology by 
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Structure of tfnstriped Muscle. — The viscera! musdes, 
except those of the diapliragiE and heart, are not arranged 
definite bundles, nor are tliey striped. They consist of 
jilaiu, elongated oella which taper toward the ends. These 
cells have the power of shortening in the direction of their 
long axes. But their action is much slower than that of 
Btrii>ed muscular cells. Unstriped muscles, therefore, con- 
tract with a slow, vermicular (worm-like) motion. Unstrijied 
muscles are much lighter in color than striped mnseies. 

Heart Muacle. — This muscle is dark iu color, like skeletal 
jnuscles. Its aotion is entirely beyond the control of the will. 
The histology of heart muscle closely resembles that of skeletal 
muscles. Its cells are striped, but they are much smaller than 
the cells of skeletal muscles; they usually contain only one 
nucleus, and their ends are branched. These branches fit 
closely into one another. 

6. Reiion and Extension. — The muscles are, for the most 
part, ao arranged in pair.s, or eorresiMndiiig sets, that when 
motion is produced in one direction by one set, there is, oppo- 
site to it, another muscle, or group of muscles, which brings 
the limb back to its place. When they act alternately, a to- 
and-fro movement results. When a joint is bent, the motion 
is called JlexioH ; and when it is made straight again, it is 
called extension. When both sets act equally and at the same 




moment, no motion is produced, but the body or limb is main- 
tained in a fixed position: this occurs when we stand erect 
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always cease with life. In man, after death from oholeta, 
automatic movements of hands and feet have heen observed, 
lasting not less than an hour. In certain cold-blooded animals, 
as the turtle, contraction has heen known to take place for 
several days after the head has been cut off, 

10. The property which, in muscle, enables these movements 
to take place is called contractilily. If we grasp a muscle while 
in exercise (for exauiple, the large muscle in the front of the 




A, ThightK 




Knra-i*o ; C, D, Leg-boTiw 



ami), we notice the alternate swelling and decrease of the 
muscle, as we move the foi'ea.rm to and fro. It was at one 
time supposed that the muscle actually increased in volume 
during contraction. This, however, is not the case; for the 



neoeBsary for Che tones thoy are to );ive. The half of a milliiuetTe, more 
or less, greftlly changes the ftoi^unicy i>[ the note ; and a olinni n milll^ 
metre out of place produces a iiot« wlitch evvn the unprttclised ear can 
recognize as false. But the hngers fall upon the strings ut precisely tim 
point required. They run over them, Bucceeding each other with giddf 
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muscle, while gaining in thickness, loses in length in the same 
proportion; and thus the volume remains the same in action 
and at rest. 

11. Contractiou is not the permanent, or normul state of a 
muscle. 'It cannot long remain contracted, but after a time it 
wearies, and is obirged to relax. After a short rest it can then 
again contract. It is for this reasou that the heart can heat 
all through life, night and day, by having, as we shall here- 
after see, a brief interval of rest between successive contrac- 
tions. For the same reason, it is more fatiguing to stand for 
any great length of time in one position, than to be walking 
for the same period. Intimately associated with muscular 
tissue in all parts of the body is more or less fat, or adipose 
tissue. It is especially abundant directly under the skin, to 
which it gives an appearance of plumpness and smoothness. 
In prolonged illness, where emaciation is the result, the body 
uses the stored-up fat for nourishment. Eat also gives symme- 
try to the body, serves as cushions, and protects from sudden 
changes of temperature. The histology of adipose tissue shows 
that tlie fat cells are very simple in construction. They are 
usually round or oval in shape, possessing a cell wall, enclos- 
ing a globule of fat. The nucleus of the cell from which it 

lapidity, following every imaginable combination, and yet ihe hand gliding 
over the inatniniciii iiiaes£untly chaogea its position. Sometimes a siugle 
finger produces an isolated note ; soinetimes two or three act simiiltane- 
ooHly to produce a conoord ; while a fourth, striking s, string with increas-. 
Ing raiadlty. produces a trill which rivals tlie nightingale. Add to all 
tbeee the modifications necessary to awoU the aoiind or let it die away — 
all. In a word, that constitutes musical expression — and it will be admitted 
that Uiis mechanism Is allied to the wonderful, aud that it surpasses the 
moRt perfect productions of human art." A further idea of the rapidity 
of the band's movements is given iji the playing of a skilful piantst, whose 
handi, oftenest occupied together, produce on an average six to eigbt 
not«B at a time, or about UID not^ in a minute in medium time, and DOO 
notes In extremely quick time. — The Wonders of Ihe Human Body. 
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waa developed remains in a flattened form, surrounded by a 
small amount of the original protoplasm at one side of the cell, 
between the oil globule and the cell wall, 

IS. Relative Strength of Animals. — The amount of muscular 
power which different animals can exert, has been tested by 
experiment. By determining the number of pounds wliich an 
animal can drag upon a level suifac-e, and afterward comparing 
that with its own weight, we can judge of its muscular force. 
It is found that man is able to drag a little less than his own 
weight. A draught-horse can exert a force equal to about 
two-thirds of his weight. The horae, therefore, though much 
heavier than man, is relatively not so powerful, 

13. Insects are remarkable for their power of carrying 
objects larger and heavier than themselves. Many of them 
can drag ten, and even twenty times their weight. Some of 
the beetles have been known to move bodies more than forty 
times their own weight. So far, therefore, from it being a fact 
that animals have strength in proportion to their weight and 
bulk, the reverse of tliat statement seems to be the law. 

14. Physical Strength. — The difference in strength, as seen 
in different individuals, is not due to any original difEerence in 
their muscles. Nature gives essentially the same kind and 
amount of muscles to every healthy person, and the power of 
one, or the weakness of another, arises, in great part, from the 
manner in which these organs are used or disused. 

15. Many authors complain of the physical degeneracy of 
men at the present day, as compared with past generations. 
There is room for doubt as to tlie correctneaa of this statement. 
Certain experiments have recently been made with the metallic 
armor worn seven hundred years ago, by which it is found that 
any man, of ordinary height and muscular develojimeut, can 
carry the armor and wield the weapons of an age supposed to 
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be greatly our superior in strengtli. When we consider that in 
those days only very strong men could endure the hardships of 
soldier-life, it is fair to suppose that our age has not so greatly 
degenerated in respect to physical strength. 

16. Importance of Exercise. — Action is the law of the living 
body. Every organ demands use to preserve it in full vigor, 
and to obtain from it its best services. The value of that 
training of the mind, which we call education, is everywhere 
recognized. The child is early put to school, and for many 
years continues to study, in order that his brain, which is the 
great centre of mental power, may act healthfully and power- 
fidly. It is important that the muscles, also, should receive 
their education by exercise. .This is true, not only in respect 
to children, but also of adults whose occupafciou conliues them 
within doors, and requires chiefly brain-work. 

17. Persons who are engaged in manual labor in the open 
air obtain all the exercise necessary for bodily health in their 
regular business : their need is more likely to be a discipline 
or exercise of the mind. A perfect business of life, therefore, 
would be one which would combine both physical and mental 
labor in their proper proportions. If such a business were 
possible for all the human race, life would thereby be vastly 
prolonged. Such, in fact, is to a large'extent the occupation 
pertaining to one period of life — childhood. One part of the 
time is given to study, and another to muscular education by 
means of games and sports. The restlessness and playfulness 
of children is not only natural but beneficial. 

18. The Effects of Exercise. — Exercise consists in a well- 
regulated use of the voluntary muscular system. The effects, 
however, are not limited to the parts used. Other organs, 
which are not under the control of the will, are indirectly 
influenced by it. The heart beats more rapidly, the skin acta 
more freely, the temperature rises, the brain is invigorated, 

uf IhabodyF 

II, Work In as span ilrf , 
j)<Uln«a t OumpBtlan of chlMren r 
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were all united, end to end, tlieir conibineil measurement would 
exceed tlin-e miles. 

Ifi. The Sensible and Insenaible Perspiration. — The pores of 
the akin ai'e constiuitlj exhaling a watery fluid; bnt, under 
ordinary circumstances, there is no moisture apparent upon 
the surface, for it evaporates as rapidly as it is formed. This 
is called insensible perspiration, Under the influence of heat 
or exercise, however, this fluid is formed more abundantly, 
" and appears on the surface in minute, colorless drops. It is 
then termed sensible perspiration. 

16. Water is the chief component of this fluid, there being 
about ninety-eight parts of water to two parts of solid matter. 
The quantity escaping from the l«dy varies greatly, according 
to the temperature of the air, the occupation of the individual, 
and other circumstances. The average daily amount of per- 
spiration in the adult is not far from two pints, or more than 
niue grains each minute. 

17. The Uses of the Perspiration. — Besides liberating from 
the blood this large amount of water, with the worn-out matter 
it contahiB, the perspiration serves to regulate the temperature 
of the body. That is to say, as evaporation always diminjahes 
temperature, so the perspiration, as it passes off in the form 
of fine vapor, cools the surface. Accordingly, in hot weather 
this function is much more active, and the cooling influence 
increases in proportion. When the air is already charged with 
moisture, and does not readily receive the vapor of the body, 
tlie heat of the atmosphere apparently increases, and the 
discomfort therefrom is relatively greater. 

18. The importance of perspiration is shown by the effects 
that often follow its temporary interruption, namely, headache, 
fever, and the other symptoms that accompany "taking cold." 
When the perspiration is completely checked, the consequences 

IB. WUit li aenalble penplraMun T InBenilble t"rBplm<lon! 

ID. Oaiaponenti of penplntloa? Uiiun wbkt doea penplmUnn dopendF Amount of 
peniilmlun iiHij J 

IT. WbM iloafl peraplmtlnii Ml free from Ihe hlnod ! WhRtotborao 
Uoa perttorml Eiplnln Iha prodeu. 
^^J^ £lbDt of lal«iTupUan of usrsUau I Wbat eiperimeDti ue mea' 
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are very serious. Experiments lia.vG been performed upon. 
certain smaller animals, as rabbits, to ascertain tlie result of 
closing the porea of tlie skin. When they are covered by a 
coating of varnish impervious to water and gasea, death ensues 
in from six to twelve hours — the attendant symptoms reseni- 
blii^ those of suffocation. (Bemi Note 3.) 

19. It is related that, at the coronation of one of the Popes, 
about three hundred years a^, a little boy was chosen to act 
the part of an angel ; and, in order that his appearance might 
be as gorgeous as possible, he was covered from head to foot 
with a coating of goJd-foil. He was soon taken sick, and 
although every known means wei-e employed for his recovery, 
except the removal of his fatal golden covering, he died in a. 
few hours,* 



1 
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3. On Taking Cold. — "Ot all the tilings .to whinh humanity is liable, 
there ia nooe wbioh recurs more frequently, and whose conBeqnancea ai 

troublesome and often dangerous, than ' taking cold.' Some persona 
liBTB quite a faculty for taking cold, while others do so but rarely. And 
yet the one does not at^e delicaoy o! constitution, or the other strength. 
The body of man hw a constant and agreeable temperatnre in health, the 
tion being slight. In fact, any great variation is incompatible with 
fcekltb, and constitutes disease. Clothes, by preventing, the radiation 
away of heat from the surface, retain it, and so the feeling of cold is not 
no great — that is, the siuface does not become so cold. Ciotliea are non- 
coDiluctoiB of heat when dry ; but let them be saturated with wat«r, and 
unless the losa of heat be met by increased production, there is a lowering 
o£ the body temperature — 'taking cold.' Thus, if exertion be continued, 
nore heat is produced to meet the loss until a change of dry clothing 
is procurable, no lujury resolts. But let the wet clothea be worn without 
« corresponding heat production, aa when children sit down in school in 
tiieir wet clothes, or the shop-boy stands in his moist garments ; then 
there is a rapid losa of heat, a lowering of the body temperature, and a 
cold is ' caught.' 8o ia a cold caught by wet feet, when the heat Is radi- 
ated away from the feet; if exercise be continued the oold is not experi- 
enced. A damp bed gives cold because the moist bedclothes conduct 
away the heat, and the body temperature is lowered." — Folbergill on tfit 
Jfaintenanct of Health. 

" A clogged action of the skin is disastrous in many diseases, but 

ipecially thoBO attended by an eruption, or "breaking out." One of 

lese — amall-pox — is exceeding fatal aiiioug the American Indiana, whole 

tribea having been swept away by it. And this ia explained by the fact 
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20. The Importance of Bathtng. — From these conaidei'atidn% 
it is evident that health must greatly depend upon keeping the 
skin clean. " He who keeps the skin ruddy and: soft, shuts 
many gates against disease." For aa the watery portion of the 
perspiration evaporates, the solid matter ij left behind. There, 
also, remain the scales of the worn-out cuticle, and the excess 
of sebaceous matter. In order to secure tbe natural action of 
the skin, these impuritiea require to be removed by the fre- 
quent application of water. (Bead Kote 4.) 

21. In warm climates, and during hot weather, bathing is 
especially necessary. For a person in good health, a daily 
cold bath is advisable. To this should be added occasionally 
a warm bath, with aoap, water alone not being sufficient to 
remove impurities of a greasy nature. Soap facilitates this, 
by forming with such substances a chemical mistuie, which is 
taken up by water, and by it removed from the body. (^Bead 
Note 6.) 

thai they habitually close their pores by covering their bodies with heara' 
grease, as a protection against the cold, aitd wkli earthy pitiuta aa a means 
of decoration. 

4. BathinE. — " When the civilization ot Egypt, Greece, and Rome 
faded, the world passed through dark ages of mental and physical bar- 
bariBm. For a thousand years there was not a man or woman in Europe 
that ever took a bath, If the historian of those tiinea, Michelet, Is to be . 
believed. No wonder that there came the wondrous epidemics of the 
middle ages, which cut off one-fourth of the population of Europe — the 
spotted plague, the black death, sweating sickness, and tbe terrible mental 
epidemics which followed in their train — the dancing mania, the mewing 
mania, and tbe biting mania. Not only their persons, hat their houses 
were uncleanly, even in the classes that were weli-to-do. Filth, instead 
of being abhorred, was almost sanctified." — Lyon Flayfair. 

5. An ImagiaaiT Conversation on Baths and Bathing. — "I have 
often amused myself, hy fancying one question which an old Soman 
emperor would ask, were he to rise from his grave and visit the sights of 
Loudon under the guidance of some minister of state. The august shade 
would, doubtless, admire our railroads and bridges, our cathedrals and 
onr public parks, and mucb more of which we need not be ashamed. 
But after a while, I think, he would look round, whether in London, or 
in most of our great cities, lni|uiricigly and In vain. Cor one class of build* 
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i. There is a masim by the chemist Liebig, to the effect, 
that the civilization of a nation is high, in proportion to the 
amount of Boap that it consumes ; and that it is low, in propor- 
tion to its use of perfumes. In some degree, we may apply 
the same test to tlie refinement of an individual. The soap 
lemoves impurity; the perfume covers, while retaining it. 

i Notes 9 and!.) 
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lugs, wbich in his empire vere yrant to be moat conHpicuouH and apieudid. 
And where,' he would ask, ' are your public baths 1" And if the rain- 
ieteroEstaifi nhii waahia guide should answer — 'O great C:esar, I tcitUy 

<t know. I believe there are some somenbere in some oatH^-tlie-way 
place ; and I think tbere have been BDue meetings liit«1y, and an amateur 
looucert, for restoring, by private Bubecriptions, eome baths and wash' 
IwuHea which had fallen to decay. And titers may "be two or three more 
■imut the metropriliB ; for paiishes have power to ealablish auch places, if 
they tbink fit, and chooae to pay for lUem out of tlie ratea : ' — Then, I 
Ihink, the august shade might well make answer — ' We used to call you. 
In old Rome, northern barbariaiia. It eoema thai you have not lost all 
7our barbarian habits. Are yon aware that, in ever; city in the Roman 
empire, tliere were, as a matter of courae, publio hatha open, not only lA 
itne pooreat freeman, but to the slave, usually tor the payment of the 
UmilleBt current coin, aud oflan gratuitously ? Are you aware that in 
Bome Itself, millionaire after millionaire, emperor after emperor, built 
teths, and yet more baths ; and connected with them gy mnaaia for exer- 
tiae, libraries, and porticoes, wherein the people might have shade and 
.Bbelter, aud rcat ? Are you aware that tliese haths were of the most 
magnificent architecture, decorated with marbles, paintings, sculptures, 
fountaina, what not ? And yet I had heard, in Hades down below,' that 
■you prided yourselves here on the study of the learned languages.' " — 
Sev. Oharies Kingsleu on the Air-mothers. 

Csre of the Skin and Nails. — " Much ignorance prevails amongst 
the public as to the use of soap and water. Those who have very sensitive 
■kins should use soft water, for the face at all events, and the beat water, 

an be had, is rain-water wllh the cold taken oH it. Nor is it every 
kind of soap which is tolerated by such persona ; probably the safest soaps 

ot those which are aaid to contain, but those which really Uo contain, 
a large portion of glycerin. 

The culture of the nails, which when perfect constitute so great a 
lleaoty, is of much importance ; hut the tendency Is to Injure Uieni by too 
much attention. The Bcissots should never be used, except to pare the 
Iree edges when they have become ragged or too long, and the folda of 
■earf skin which overlap the roots should not, sa a rule, he touched. The 
apper aoifaces of the n9,!ls should on no account be touched with the knife, 
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23. The Different Kinds of Baths. — All persons are not alike 

able to use the cold bath. When the health is vigorous, a 
prompt reactioa and glow upon the surface will show that it is 
beneficial. Where this pleasurable feeling is not experienced, 
but rather a chill and sense of weakness follows, we are warned 
that the system will not, with impunity, endni'e cold bathing. 
Moat persona experience the best results when the water ia 
about the temperature of the body — " blood-heat." 

24. It should also be borne iu mind, that the warm or hot 
bath cannot be continued so long, or repeated so frequently, as 
the cold, on accoimt of the enervating effect of unusual heat so 
applied to the body. For persons who are not in robust health, 
one warm bath each week is sufficient. Such persons should 
be careful to avoid every extreme in reference to bathing, 
clothing, and whatever greatly affects the action of the skin, 

25. Searbathing is even more invigorating than fresh-water 
bathing. Those who cannot endure the fresh water, are often 
benefited by the salt-water baths. This may be accounted for, 
in part, by the stimulant action upon .the surface, of the saline 
particles of the aea^water; but the exciting scenea and cireum- 
stances of searbathing also exert an important influence. The 
open-air exercise, the rolling surf, the genial weather, and 
usually the cheerful company, add to its intrinsic benefits. 
(BeodA'ofeS.) 

B8 It \B ED often done, the nail brush being amply sufScient to keep tbem 
clean, wiLhout impairing their smooth and polishfd surfaceE." — People's 



7- On Sceata. — "They are the only reaoarce of rude and dirty times 
against offensive emanatioiiB from decaying animal and vegeutble sub- 
Htances, from undrained and untidy dwellings, from unclean cltithes, from 
ill-wasbed Hkins, and from ill-used stomachs. Tlie ec«nted handkerchief, 
in these circumstances, takes tlie place of the spongu and the bath ; the 
pastlle hides the want of ventilation ; the otto of rnaes seems to render 
the scavenger unnecessary ; and a sprinkling of musk aels all other suielU 
and stinks at defiance." — Johnaioit. 

B. The Proper Dae of Sea-ba thing. — " Tbe length of time du 
which a person should remain in the water necessarily vi 
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26. Time and Manner of Bathing. — A person in aoimd health 
may take a bath at almost any time, except directly after a full 
meal. The most appropriate time is about thi-ee houra after a 
meal, the noon-hour being probably the best. For the cold 
bath, taken rapidly, no time ia better than imnieiliately after 
rising. Those beginuing the uae of cold baths should first try 
them at T0° Fahrenheit, and gradually use those of a lower 
temperature. From five to twenty minutes may be considered 
the proper limit of tiiwe to remain in a' bath ; but a sensation 
of chiUiuesa ia a sigiial to withtkaw instantly, whether at 
home, or at the sea-aide. Two sear-baths may be taken daily ; 
one of any other kind is auflicietit. 

27. The body shoidd be warm, rather than cold, when step- 
ping into the bath ; and after it, the skin should be thoroughly 
dried with a coarse towel. It ia best to continue fi'iction until 
there is a sensation of warmth or " glow " throughout the entire 
surface. This reaction ia the teat of the good effects of the 
bath. If reaction is still incomplete, a short walk may bo 
taken, especially ia the sunshine. It is very congenial, how- 

ihe age, aex, and constitutional atreiiglli of the bather. Due regard alionid 
also be had to the state of the weather and aeaaon of tiie year. 

" In the case of children, five, gradually extended to ten minutea ; of 
women, ten to tifteen minuifs ; and of men, a quarter of an hour or more, 
is a fair average period. There are some people, doubtleea, to whom 
Utese periods wUl appear insufficient, and who insist on remaining so long 
in the water that their skin becomes ccild and blue, their teeth begin to 
chatter, and a condition of general exhaustion coiues on ; people, in short, 
who have the ' most ' for their money, lilce the countryiuan who grumbled 
at having been conveyed thirty milea in about half-an-Uour by an express 
train, on the score that the length of time occupied in the journey was 
not proportionate to Che fare that he had paid. On entering the water, 
the bather should immerse the whole of the body two or three times, so 
aa to get the action of the shock from the cold water distributed over its 
entire surface. There should be no hesitancy, no da.bbling about with 
the feet, but a good plunge at once into the next wave that washes in. 
Upon coming out of the water the bather should dry the body with good 
rough towels, dress quickly, and take a brisk walk for a short distance. 
If there be any feeling of exhaustion or nervous depression, a little food 
or drink should be taken." ~ 
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ever, both to health and comfort, to rest for a short time 
directly after bathing, or to take some liyht refreshmeut. 
This is better thau severe exercise or a fidl meal. 

28. Bathing among the Ancients. — The liomaiia and other 
nations of antiquity made great use uf the Tapor-bath as a 
means of preserving the health, but more paiiicularly as a 
luxury. Their method was not unlike that employed hi sojne 
parts of Europe at the present day. ' The public baths of Kome 
and other cities are among the grandest and most interesting 
monuments of ancient luxury and splendor; and from tlieir 
ruins have been recovered some of the most beautiful works 
of art. 

29. The ThermEB, as the baths of Eome were called, were of 
great extent, built very aubfitantiaUy, and ornamented at vast 
expense. They were pi'aetioaUy free to all, the cost of a bath 
having been less thau a cent. It ia i-elated that some persons 
bathed seven times a day. After the bath their bodies were 
anointed with perfumed oil. If the weather was line, they 
passed directly from the Tliermte into the gymnaaiiun, and 
engaged in some gentle exercise previous to taking the midday 
meal. Between two and three in the afternoon was the favor- 
ite hour for this ancient luxury. Swimming was a favorite 
exercise, and a knowledge of it was regarded as necessary to 
every educated man. Their common expression, when speak- 
ing of an ignorant person, was, "He can neither read nor 
swim." 

30. The Sun-Bath. — Some also were accustomed daily to 
anoint tlicmselves, and lie or walk in apartments arranged for 
the purpose, with naked bodies exposed to the direct rays of 
the sun. There is an interesting allusion to this practice, in a 
letter of the younger Pliny to the historian Tacitus, describing 
the destruction of Pompeii by an eruption of Vesuvius. " My 
uncle " (Pliny the elder) " was at that time in command of the 
fleet at Misenum. On the 24tb of August, about one in the 
afternoon, my mother desired him to notice a cloud which 
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of imuaiial aliape and dimeEsioEs, He had jnst returned 
from taking the benefit of the sun, and after acold bath, and a slight 
rejiaat, had retired to hia study." Then follows a deaeription 
of tlie destruction of Pompeii, and the death of the elder riiiiy. 

31. We may judge aomewhat of the benefits of the sun, by 
observiug the unnatural and undeveloped coudition of plants 
aud animals whiuh are deprived of light. Plants become 
blanched and tender; the fialt of subterranean lakes, where the 
light of (lay never enters, are undersized, and have no eyes ; 
tadi>olea kept in the da,rk do not develop into frogs ; men 
growing up in mines are sallow, pale, and deformed Besides 
the well-known effect of solar light in tanning the skin, it also 
makes it thicker and better able to resist exposure ; though 
the complexion may bo thereby injured, the health gained 
more than comiiensates for the loss of beauty. "To maka 
good the loss of the lily, where the suii has cast hia ray, he 
seldom fails to plant the rose." (fipod JV'olea 9 and 10.) 

32. Clothing.* — In reference to clothing, we are far more 
apt, in our changeful climate, to use too little than too much. 



1 



Light Infloencea Growth ana Health. — "I bave sever!il times 
taken two potatoes which were as nearly as possible alike, and placed 
under a bell-gloss tbruiigh which the light could pass, and the other 
under a similar cover rendered opaqne by several coata of black paint. 
Sprouting went on unchecked imder the translucent gla£3, while it was 
Always notably retarded and sometimeB prevented In the potato under the 
dark glass. Milne Edvrards, a distinguished French physiologist, per- 
ionned a aeries of experiments which showed that tadpoles when deprived 
of light did not develop Into the frog, I have several times repeated Ills 
experiments, and always with confinnatory results. On one occasion I 
prevented for one hnndred and twenty-five days. the development of a 
tadpole, hy confining it in a vessel to which the rays of light had no 
access. On placing it in a receptacle open to the light, the process o( 
transformation was at once begun, and was completed in fifteen days. 
Ttie practical application of these and similar observations is this, tlial 
care ebould be taken both In health and disease to insure a snfGcient 
wnount ot sunlight to the inmates of houses, and that it is impossible to 
Kar well-formed, stronR, and robust children unless attention is paid to 
this requirenienl." — Riinimoiiil on the Inflnnacf, of Litjkt. 

* Man is the only animal that requires ctotliin^' ; and or lie advances 
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An aphorism of Boerliaave, worth remembering, if not of 
adopting, is, ■' We should put off our winter clothing on mid- 
Bummer's day, and put it on again the day after." He also 
says, "Only fools and beggars suffer from the cold; the latter 
not being able to get sufficient clothes, the others not having 
the sense to wear them." The practice of exposing the limbs 
and necks of young children, for the alleged purpose of " hard- 
ening " them, ia quite hazardous. It is not to be denied that 
some seem to be made tough by the process. But it is so only 
with the rugged cTiildren; the delicate ones will invariably 
suffer under this fanciful treatment. Aa the skin is constantly 
acting, by night aa well aa by day, it ia conducive both to 
cleanliness and comfort to entirely change the clothing on 
retiring for the night. The day-clothing should be aired dur- 
ing the night, and the bedding should be aired in the morning, 
for the same reason. {Bead Notes 11 and 12.) 



from barbarlam to civilization, nmre and more attention is paid to ilreaa 
as a means of protection agaiost cold. Aa a rule, more liarm arises from 
usiug too little clothing tbau too much, especially iu a changeful climate 

10. Light Id tbe Sick-room. — "It is the unqualified result ol all my 
experience with the sick, that second ojily to their need of fresh air is 
their need of light ; that, after a close room, what hurts them most is b 
dark room ; and that It is not crnlj Ughi, but direct sunlight they want. 
Tou had better carry your patient about after the sun, according to tbe 
aspect of the rooms, if circumstances permit, than let him linger In a 
room when the sun ia o3. People think that the cSect is upon the spirila 
only. This is by no means the case. Who has not observed the purify- 
ing eSect of light, and especially of direct sunlight, upon the air of a 
room ? liere ia an observation within everybody's experience. Go into 
a room nhere the shutters are always shut (in a sick-room or a bed-room 
there should never be shutters shut) , and though the room be uninhabited 
— though the air has never been polluted by the breatliiiig of human 
beings, you will observe a close, musty Bmell of cornipt air — of fur 
tmpurified by the effect of the Bun'B rays. The muatinesa of dark room* 
and comers, indeed, is proverbial. The cheerfulDess of a, room — Ute 
usefulness of light in treating disease — is all-important. It is a curious 
thing to observe how almost all patients lie with their faces turned to the 
light, exactly as plants always make their way toward the light" — 
Florenne Xii/hlingale's Ni,le» nn Numiitg. 

11. Underelothing and Bedding. — All clothing worn during the day 
should be removed at night. A practice prevails in tropical countries 
fhftVing thoroughly every article of apparel just before it is placed on 
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33. PoiBonaiis CosmeticB. — The extensive use of cosmetics foi 
tlie complexion is a fertile aoiirce of disease. The majority o 
these preparations contain certain poisonous mineral substaucei 
chiefly lead. The skin rapidly absorbs the fine particles c 
lead, and the system experiences the same evil effects that a 
observed among the operatives in lead works and painteraj 
namely, "painters' colic," and paralysis of the hands, oallei. 
" wrist-drop." 



body. The motive wlilcii prompts this comes from the fear lest a, c 
pede or other lively and virulent specimen of natural history has hid itself i 
Bomewhere within the tolda of the garment. Even without the danger of 
wearing oae'a shirt in conjunetlun with such an intruder, it is an excellent 
ptaclice to shake it and every other article of clothing thoroughly before 
putting tbem on. The garmenU worn next to the skin should be changed 
-before the; become saturated with the secretions of the sebaceoua glands, 
Tliis can be accomplished by renewing them twice a week, though the 
majority of people only change them once in that period. Combe recom- 
mends Ui wear tno seta of flannels, each being worn and aired by tuma, 
on alternate days ; lie likewise praises a practice common in Italy, ■ 
namely, instead of beds being made up in the morning the moment they I 
are vacated, and while still saturated with the nocturnal exhalations, ths ' 
bed-clotbes are thrown over the backs of chairs, the mattresses shaken 
up, and the window thrown open for the greater part of the day. This 
practice, so consonant with reason, imparts a freshness which is peculiarly 
grateful and conducive to sleep. Florence Nightingale, who never fails 
to speak plainly, says: " Feverislmess is generally supposed to be a 
symptom of fever ; in nine cases out of ten it Is a symptom of bedding. 
A real patient should have two beds, remaining only twelve hours in 
each; on no account to carry his sheets with him." — Draper (in Fart). 
18. Bules as to Clothing. — Protection against Cold. — For equal 
tiiicknesses, wool is much superior to either cotton or linen, and shoold 
be worn for all nnderclothing. In cases of extreme cold, besides wool, 
leather or waterproof clothing is useful. Cotton and linen are nearly 

'equal. 

Protection against Beat. — Texture has nothing to do with protection 
from the direct solar rays ; this depends entirely on color. Wliite Is the 
liest color; then gray, yellow, pink, blue, black. In hot countries, there- 
fore, white or light-gray clothing should be chosen. In the shade the 
effect of color is not marked. The thickness and the conducting power 
of tlie material are the conditions (especially the former) which influ- 
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34. Certain hair-dyes also coutaiii lead, together with other 
noxious and filthy ingredients. These do not work as great 
harm as the cgsnietics, since they care purposely kept away 
from the skin; but they rob the hair of its vitality. Eye- 
washes, too, are made from solutions of lead, and many an eye 
has been ruined by their use. They deposit a white metallic 
scale on the surface of the eye, which, when in front, perma- 
nently blurs the sight. 

emanations from the skin shall not accumulate. The wearing of the 
unventilated beaver hat, or fur cap, is a ready method of suppressing 
the natural growth of the hair, and of causing the retention of that effete 
epithelial scale commonly called scurf, or dandruff. The wearing of 
tightly fitting waterproof coats cannot be habitually practiced without 
danger to the wearer ; the very painful and troublesome ailment, rheuma- 
tism, has in many persons been produced by this manner of locking in 
the excretions of the surface. — Dr, B. \\\ liichwrdson. 
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TOPICAL OUTLINE ^^_ 
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QUESTIONS FOR TOPICAL REVIEW 
What are tile chacacCeriBtiea o[ the akin, and what office does it 

perf»""? 

What can you atate »[ Ibe strui^ture o[ tbeBkin?. -^ 

Degurlbii the cnticle and tell i(8 use ' Gfl 

Describe the cutis or true skin aud lell its use G7 

What can you state of the nature and growth of the nail? 

Eiplain growth of the hair? 

Of the nature and growth ot the hair? 

Of the offices performed hy the naila and hair ? 

What 19 ati Alliino 7 

How Is the difference in complexion in different persons accounted 

for? 

How is the presence of freckles accounted for? 

How does Nature provide a dressinfet for the hair? 60 

What Is the composition ot perspiration 7 

What other service do the sebaceous glands perfocm? 

State what you can of the perspiratory glands and llieir number?. . 61 
What is the difference between sensible atid inseusible peispiratioa f 

State the uses and Importance of perspiratiop? 62 

What impurities gather naturally on the akin ? 

What are the effects of stopping peraplratory action? 62 

Repeat what is said of the tmpartatice of bathing? 64 

Different kinda ot baths foe different Individuals? 

When should we indulge in cold, warm, and sea-bathing? 

What is the effect in each case? 

What directions are given as to the time and manner tot bathlng?- 

What is related of bathing among the ancients? 

Directions sfl«r the bath? 

What is related to show the antiquity ot sun-bathing t 68 

What are the effects of sun-bathing 7 01 

Wbat directions are given in relation to clothing the body 7 6S 

What can you state nf poiaonous cosmetics 7 71 

Of hair-dyes and eye-washea 1 
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The Source of Food — Inorganic Substances — iVater — Salt — Lime — 
Iroji^Organic Sulistaaces — Albumen, Fibrin, and Caaeine — The 
Fata or Oils — The itiugars, Slarch, and Oum — Slimniating b'ubstaitces 
— Necessitji of a Segalated Diet 

1. The Source of Food. — The term foofl iucludes all those 
aubstaaces, whether liquid or solid, wIulIi are ueeessary fur 
the nouriahmeut of the body. The original source of all food 
is the earth, which the poet has fitly styled the " Mother of al! 
living." In her bosom, and in the atmosphere abont her, are 
contained all the elemeuta on wliich life depends. But man 
is nnabJe to obtain nourishment directly fi'om such crude 
chemical forms as he finds in the inorganic woilil. They 
must, with a few exceptions, be prepared for his use, by being 
transformed into new and higher combinationa, more closely 
resembling the tissues of his own body. 

2. This transformation is effected, first, by the vegetable 
world. But all plants are not alike useful to man, while some 
are absohitely hiirtful. Accordingly, he must learn to discrimi- 
nate between that which is poisonous and that which is life- 
supporting. Again, all parts of the same plant or tree are not 
alike beneficial : in some, the fruit ; in others, the leaves ; and 
in others, the seeds only are sufficiently refined for his use. 
These he must learn to select ; he must also learn the proper 
motles of preparing each kind for his table, whether by cooking 
or other processes. (Read Note 1.) 

1. The Circle of Organic Life. — " Man, ns nn animal, ia chemically an 
oxidizing agent, reducing again to primitive forms the principles built up 
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3. Agaia, certain forms of the vegetable creation ■which ate 
unfit, ill their crude state, for man's food, and which he vejects, 
are choseo as food by some of tlie lower animals, and are, by 
tbem, made ready for his use. Thus the bee takes the clover, 
that mail cauiiot eat, and from it collects honey. The cattle 
eat the husks of corn and the dried gi'ass, that are by far too 
coarse for mau, and in their own flesh convert tliem into tissnes 
closely resembling bis mnsciilar tissue. In this way, by the 
aid of the transforming pi'ocesst.'s of the vegetable and auiinal 
creations, the simple cbeuiical elements of the laiiieral kingdoin 
are elaborated into our choice attiules of food. [Head !fate 2.) 

■by the v^elatile wurld, and lakcii in by Lim e[tbei: dii'ecily as vegt'tablea, 
~ idirectly in Llie abnpe of tbe maU^rial of oLlieT animals. Witlioai 

Lable life aniniBls coiitd not exist, and never could bave existed ; side 
by wde they gruw and floiirlBh, iudispe usable to ea«b otiier's existence; 
tlie tree breaking up the exhaled uarbuiiic &cld of tlie aulniBl — tliecarboc 
being stored up in its increasing iuhsb — while tlie oxygf^n is returned 
again, free and uncombiiied, to the atmosphere for tbe respiratory needs 
ot the animal world. Round and round go the elementary bodies in 
ceaaelesB cliange of form, nevertheless never more than Uiey were fti firat 
and win be at the last — the atomic material of thia planetary sphere 

> ever absolutely the same in amount. The material of the bodies of 
Saul and his sons, when burnt by thomtnof Israel after their ignominlou* 
exposure at Bethshan, in consequence of tlielr defeat on Mount Gilboa, 
are circulating amongst us stillj it served others before tbem, and haa 
formed part of thousande since. It is quite within the bounds of chemical 
possibility that some of the atoms contained in the fated apple of Eve, 
nifiy have lain in the ranteria! ot tbe apple which revealed to Newton the 
law of gravitation," — FoCliergill oh ihe Maintenance of Health. 

S. The Food Circle in Hature. — "There are some ultimate elementa 
in flesh as in flour, the name in animals as in vegetables. The vegetable 
draws food from tlie soil and from tlie air. and being fully rantured, It or 
some part of it is ealcn by the animal. Hut in completing Uie circle, Uie 
vegetable receives and thrives upon the animal itaeK, in whole or in part, 
or the refuse which it daily throws off. Tiie very bonea of an animid are 
by nature or man made to increase the growth of vegetables and really to 
cnler into their structure ; and being again eaten, animals may be said 
to eat their own bones, and live on their own flesh. Hence tliere Is not 
only an unbroken circle in the production ot food from different sources, 
but even the saineiooil may be shown M be produced from iWclf. Surely 
tills is an illiistralion ot the faWi' ot the yoiini; Pliotnix arising from the 
aahcaot Us parent." — AVmirri Smith <m Fiiixis. 
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4. Inorganic Substances. — Tlie substaaces we use as food 

■e clasaifled as organic and fjioryaitic. Ky organic substances 
are meant those derived from living forms, swell as vegetables 
and animals. luorgatiic substances are those Bimplei inani- 
mate forms which belong to the mineral kingdom. The former 
alone are commonly spoken of aa food; but the latter enter 
very largely into the constitution of the body, and must there- 
fore be present in our food. With the exception of two articles 
— water and common salt — these substances enter the system 
only when blended with organic snbstanceB. 

Water. — Water, from a physiological point of view, ia 
the most important of all the articles of food. It is every- 
where found in the body, even in the bones and the teeth. It 
lias been computed that aa large a projiortiou as two-thirds of 
the body is water. The teeth, the densest of the solids in the 
an system, contain ten per cent, of water. The muscles, 
tendons, and ligaments are more than half water; for it is 
found that they lose more tlian half their weight when dried 
with moderate beat. But it ia in the flidiia of the body tliat 
water is found most ahiuidantiy. It gives to them the power 
of holding a great variety of aubstances in solution, and is the 
great highway by which new supplies are conveyed to the point 
where they are required, and by which old particles of matter, 
that have served their uses, are brought to the outlets of the 
body to be thus removed from the system. {lieail JVo(es 3 and 4.) 



S. The Only Natural Drink. — "Water is the natural drink of man, 
il is of all orgauizcd beings. It eiitera more largely iijto Ilia eompo- 
ion than any other substance, giving liiiuiilllj' to the blood, moisture to 
all the issues," and serving as the great solvent of the body ; not less 
tlian IwD-ihirds of its -weight being of that element. It seems as if all 
organic teings were so mucli "organized water." "Soft water is more 
wholesome than hard, though water moderately hard is not perceptibly 
iiijurionfl. When very hard, a part of the salts of lime can readily be 
precipitated by boiling. As a mle, spring and well-walers, if brought 
from deep fouutaina, ate better and mote wholesome than running 
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6. Man can remain a longer time without solid food ( 
without water. He may be deprived of the former for ten or 
twelve hours without great suffering, but deprivation of water 
for the same length of time will produce both severe paiu and 
great weakness. The food should contain not less than two 
parts of water to one of solid nutriment. Water constitutes 
the great bulk of all our drinks, and is also a large constituent 
of the meats, vegetables, and fruits which come upou the table. 
Fruits, especially, contain it in great abundance, and, in their 
proper season, furnish most agreeable and refreshing supplies 
of the needed fluid. 

7. Common Salt. — Salt, or sodium chloride, as an article of 
food, is obtained chiefly from the mineral kingdom ; although 
plants contain it in small quantities, and it is also found in the 
tissues of nearly all animals used as food. In the human body 
it is an ingredient of all the solids and fluids. The importance 

streams. Well-water, in towna aud cities, unless brought from a, great 
depth, is wholly unfit lor drioking and cooking. The iminen_ae quantily 
ol organic matter wliich permeates every inch of the soil, for many feel in 
depth, precludes the possibility of water passing through it without being 
corrupted. Kiver water, polloled by sewers, is bs disgusting to the senses 
as it ia destructive to health. The notion that impure water can be 
rendered more wholesome by icing it ia an erroneous one. Ice-cold 
drinka In summer, wliile the body is heated, are capable of producing 
lifetime disease, and even instant death." — J. B, Blach on the Ten Lava 
of Health. 

4. The Snataining Power of Water, — " Water is the most reliable 
and grateful drink for man. Nature has many admirturoa in the juices 
of fruits, bul none so satisfying to excesaive thirst as pure water, It will 
even prolong life when nutritious food is not taken, as we have a well- 
known instaiiCB, recorded by Dr. McNaughton, in the transactions of the 
Albany Institute of New Tork for 1836. The case was that of a man 
who lived upon water alone for flfty-three days. This he did while labor- 
mg under some delusion which impelled him to abstain from all ordinary 
nourishment— water alone could he be induced to partake of. His 
strength was tolerably well sustained during the first six weeks ; he was 
able, in fact, to go out of doors ; and even on the day of his death he waB 
able to Hit up in bed." — Dr. Jataea Knight. 
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of salt to animal life in general, is shown by the great appetite 
for it manifested by domestic animalB, and also by the habitual 
resort of herds of wild beasts to the "salt-licks" or sjirings. 
In those parts of tlie world where salt is obtained with diffi- 
culty, man places a very high price upon it. 

8. Kxperiments u]«)ii domestic animals show that the with- 
drawal of salt from their food not only makes their hides 
rough and causes the haii to fall out, but also interferes with 
the proper digestion of food. If it be withheld persistently, 
they become entirely unable to appropriate nourishment, and 
die of starvation. {Head Note 5.) 



T should stftlid at the head 
a tablu's spread. 
Salt will all poisonB eipurgate with liuate, 
And lo inaipid thhi$:s impart a taste. 
The riohest load will be in great default 
Of taste, without a pinch of sav'ry salt. 
Tet of Bait meats, the Inng-protnwted use 
Will both our sight and manhood, too, reduce ; 
On tables salt should stand both first and last. 
Since, in ita absence, there Is no repast." 

— The Code of the Sdiool of Saleniu: 



I 



"Animals will travel long diaWncea to obtain salt. Men will bar- 
■ gold for it ; indeed, among the Gallas and on the coast of Sierra 
Leone, brothers will sell their siatera, husbanda their wives, and parenu 
their children for aaiC. In the district of Accra, cm the gold coast of 
Africa, a handful of salt is tlie most valuable thing upon earth after gold, 
and will purchase a alave or two. Mungo Park tella ua that with the 
Mandingoes and Bambaras the use of salt is anch a luxury that to aay of 
in, ' he flavors liia food with salt,' it is to imply that he i» rich ; and 
children will Bucfe a piece of rnck-salt as if il were sugar. No stronger 
nark of respect or affection can be abowu in Muscovy, than the aeuding 
of Bait from the tablea of the rich to their poorer frienils. In the book of 
Leviticus it ia expresaly commanded as one of the ordinances of Moaea, 
that every oblation of meat upon tlie altar shall be seasoned with salt, 
without lacking ; and hence it Is called the Salt of the Covenant of God. 
The Greeks and Romans uXso used salt in their sacrificial cakes ; and It 
ia still used in the aenrices of the Latiu church —the ^pamn mica,' or 
pinch of salt, lieing, in the ceremony of baptism, put into the child's 
mooUi, while tlie priest says, ' Receive tlie salt of wiadom, and may it be 
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9, Salt is usually taken into tlie system in sufficient quantities 
in our food. Even the water we drink often has traces of it 
The hahitual use of much salt in cooking, or as a seasoning at 
the table, is not wise; and while it may not lead to consump- 
tion, as some writers declare, it is a bad habit in itself, and 
leads to the desii'e for other and more injurious condiments. 

10. Lime. — Tina is the mineral substance which we have 
spoken of before as entering very largely into the composition 
of tlie bones. It is the important element which gives solidity 
and permanence to the framework upon which the body is 
built. Calcium tri-phosphate, or "bone-earth," is the chief 
ingredient of the bones and teeth, biit is foimd in the carti- 
lages and other parts of the boily in smaller quantities. (Head 
mce 6.) 

a propitiation to thee for Btfiroal life.' F.vtrywliere, and almost always, 
indeed, it lias been regarded as embLematii^al of wisdom, wit, and immur- 
talitj. To taste a ma.a'a bM, viaa to be bound by tbe rites of hospitality ; 
and no oath was more solemn tlian that which was sworn upon bread and 
salt. To sprinklB the meat witb salt was to drive away the devil ; and lo 
this day, among the Bupersti lions, nothing is more onlucky than to spill 
the salt." — Lvthehy nn Fund. 

6. Phosphate of Lime and other Inorganic Substances. — " All food 
contains certain saline snbstances. If we bum a portion of the fleah of 
any animal, we niay drive off the carbon, osygen, hydrogen, and nitrogen, 
and ■ ^hes * are left. These ashes are the saline and mineral (inorganic) 
constituents ol the animal. They exist in the blood and tissues, and are 
as euential to the life of the aniinal as those other elements which were 
expelled by heat. - Lilts the latter, they are constantly being nsed up and 
carried. oS from the body, and like them must be replaced by means 
Of oar food. Cooking, especially boiling, tends to dissolve away some ot 
these salts, and care should be taken to supply them by means of uncooked 
food, as fresh vegetables and fruits ; milk also contains them. One ot 
the most Irapartnnt of these inorganic substances ta phosphate of lime, 
or ' bone-earth,' as it is called, from the fact thnt about forty per cent, of 
healthy bone is made up of it. When it Is deficient, the bonea are" soft 
and are liable to be bent by the actions ot the muscles attached to them, 
and a permanent deformity may be the consequence. This form of lime 
is contained in wheat, barley, oats, and rye, and from these sonrces the 
chief supply of it is derived. Those plants require phosphate of lime fftr 
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11. How tloea this substance find its way uito the body 
Meat, milk, and otliei articles obtained from tlie animal kiug- 

t^ontalu it, and it is abundantly stored a^ay also iu tlie 
grains from wliick our bread ia made — in wheat, rye, and 
Indian com. In early life, wiiilo the body ia growing, the 
supplies of this substance should be carefully provided. Tlie 
evil effects of the deprivation of it are too often and painfully 
evident in the softening of the iMnos, and in the predisposition 
to curvatuTO of the spine — deformities which are moat deplor- 
able and which continue through life. 

12. Iron. — This substance is probably tlie most abundant 
and widely diffused of tlie metala. It ia found in most of 
the vegetables, and is a very important comjionent of animal 
tissues. It enters into tlie composition of human blood in 
about one part per tliousand. Ordinarily, the food conveys to 
the system entSugh iron for its nse, but it ninst sometimes bo 
introduced separately as a remedy, especially after great luss 
of blood, or after some wasting disease. Under its influence 
the blood seems to be rapidly restored, and a natui-al color of 
the lips and skin replaces the pallor caused by disease. 

13. Other Inorganic Substances.^ In addition to the sub- 
stances mentioned, the mineral kingdom supplies compounds 
of soda, potash, and magnesia, which are essential for the use 
of the body. They occur in small quantities in the body, and 
enter it in combination with the various articles of diet. 



1 



14. Organic Substances. — These substances are derived from 
the vegetable and animal creations. They comprise all those 

tteir growth and tJie perEeeting of their grains ; hence It i3 supplied 
artUiciaJIr by the farmer. A diet deficient in sabstancea yinldiDg clue 
pbosphate of lime ia tajaricms to man, and should be avoided. Its 
presence in whi!at-flour accounts in part for the fact tbat our ordinary 
loaf of bread makes so good a ■ stafE of life,' and that !t is, and has been, 

widely vivA as an article of food by Lhe strangest and most vigorous 

:eB of mankind." — Lankeiter's Manual. 
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articles which are commonly spoken of as " food," and 
are essential to, sustain the body in life and strength. They 
are divided into three groups, namely ; the Albuminoid sub- 
stances, the Fats, and Sugars. 

15. The Albuminoids. — This class includes three important 
nutritive aubstanees - — (IJ Albumen, winch gives it its name ; 
(2) Fibrin, including gluten; and (3) Caseine. These com- 
pounds constitute a large part of the human body, and the 
food contains them in proportionally large quantities. Their 
importance is so great, and the system so promptly suffers 
from their absence, that they have been styled the "nutritious 
substances." The properties which they hold in common are, 
that they do not crystallize, and have a jelly-like form, except 
when heat is applied to them, when they harden, or coagulate. 

16. They likewise decompose, or j)«(re/^, under the inflnence 
of warmth and moisture. Hence the decay of all dead animal 
tissues. Cold arrests this process. It is well known tiiat 
milk, eggs, and the like, ''keep" much longer in winter than 
at other seasons. The bodies of elephants, caught iu the ice 
many hundred years ago, are occasionally borne by the icebergs 
to the coast of Siberia, completely frozen, but preserved almost 
perfectly in form and limb. 

17. Albumen exists in milk, meat, the grains, and the juices 
of many plants; but the purest form is obtauied from the 
white of egg, "Wlien we consider that an egg is composed 
chiefly of albumen and water — namely, sis parts in seven; 
and when we also consider the numerous, diverse, and complex 
tissues — the muscles,- bones, internal organs, bill, claws, ajid 
feathers — with which the chick is equipped on leaving his 
shell, we are impressed with the importance of these apparently 
simple constituents of the food and body. (_Bead vVoie 7.) 





Tnr. cnsMisTEY of food 



18. Fibrin is derived I'rora meats, and exists in the til( 
both of man and the lower animals. Gluten, or vegetable 
fibrin, resembles closely true fibrin, and is abundantly furnished 
in wheat ami other grains from which flour is commonly made. 
Anim al fibrin coagidates spontaneously when it is removed 
from the body, and thus caiises the " clotting " of the blood, 

19. Coseine is the curdy ingredient of the milk, and a highly 
important food-subatance. Its coagulation in milk takes place 
not from heat, but by the addition of an aeid, and also when 
milk becomes sour from exposure to the air. It is commonly 
effected, however, by introducing a piece of rennet, a prepara- 
tion made from a calf s stomach. The curds, or caaeine, may 
then be sepai'ated from the whey, and made into clieeae, by 
pressing it suffi^'iently to drive off the water. 

20. The Fats or Oils. — This is the second group of organic 
fuoils. Those which are more solid are called fats; the more 
fluid ones are tlie oils. Oleaginous substances are supplied in 
both animal and vegetable food; but, from whatever source 
derived, they are chemically much alike. They are insoluble 
in water, and yet they unite readily with the watery fluids of 
the body, and are by them conveyed to its various parts for 
their nourishment. This is due to their property of "emulsi- 
fying ; " that is, they are held in suspension, in a finely divided 
state, in water. Ordinarily milk is an example of an emulsion. 

condition ol the tody ; and that food wliieh keeps up the weight has been 
regarded as satisfactory and nutritious. But this Is not always a aafe 
judgment, owing to the property in water from innutritions food to make 
good the ioBs of weight caiisecl by tlie withdrawal of albumen and fat. 
The weight may remain the same, while we are ' losing fleah.' Fat, 
also, may inorease in badly nourished people, while tlie more essential 
element of albumen la diminishing ; the fact being that the badly fed are 
not always lighter than those who are well nourished. And further, the 
feeling of satisfaction after eating is deceptive ; the Irish peasant who 
consumes ten pounds of potatoes in a day feels quite satisfied, hut is in 
reality badly nourished by his diet containing tiiree -fourths water." — 
Frof.Voit, ofMunirh. 



lood^^ 



r 



86 



TBE CHEMISTRY OF FOOD 



of sugar are, its power to crystallize when evaporated from 
vatery solutions, such as the juices of many plants; a ten- 
dency to ferment, hy which process alcohol is produceil; and a 
ready solubility in water. This latter quality renders it very 
easy of digestion, and more so than any other of the saccharine 
group. It is computed that the annual production of sugar, in 
all parts of the world, is more than ona million of tons. The 
kind of sugar that is in. ordinary use, in this country, is pre- 
pared from the jnice of the suj^ar-cane, which contains eighteen 
pet cent, of sugar. In France it is manufactured from the 
beet-root, which holds about nine per cent. ; the maple-tree of 
our climate yields a similar sugar. The sweet taste of fruits 
is due to the presence of grape-sugar: the white grains seen on 
raisins belong to this variety. Cane-sugar is more soluble than 
the latter, and has twice the sweetening power. (_Bead Note 10.) 
25. Starch. — This is the most widely distributed . of tlie 
principles. It is tasteless, inodorous, and does not 
crystallize. It consists of mi- 
nute rounded granules, which, 
under the microscope, reveal 
a somewhat uniform structure 
(Fig. 21). Starch wiU not 
dissolve in cold water, hut in 
boiling water the small grains 
burst open, and may then be 
dissolved and digested. 

26. The bread-stuff a — 

wheat, corn, and rye flours — 

are more than one-half starch, 

Fio. SI. — OKist'LCB Of PotiTo siJKCH Kicc, wlilch Is tliB " staff of 

M.UB.P.BII 2jjg „ ^^ one-third of the 

human family, contains eighty per cent. Unripe fruits have 

much starch in them, which renders them indigestible when 




, Why too much Sugar ia Injurious. —"Sugar is very wbolesome, 
ns I l-jlJ you, we want bihiib in (lur dit-t. But oliililren will often eat 
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eaten uncooked, for the grains of raw atarcli are but slightly 
acted upon within the body. But, under the potent chemistry 
of the sini'a ray, this crude material is converted into sugar. 
Thus are tliB fruits prepared by the careful hand of Nature, so 
BO that when ripe they may be freely used without further 
preparation. 

27. Gum is commonly found in those articles which also con- 
tain stai'ch, and has the same chemical composition as the 
latter, but is much less nutritious. In the East, gum-arabic 
and similar substances are lai'gely employed as food. Persons 
who travel by caravan across vast, sandy deserts, find such 
substances well adapted to their wants, since they are not 
perishable, and are easily packed and carried. 

28. Stimulating Substances. — The three classes of food-prin- 
ciples already considered^- the Albuminoids, tlie Fats, and the 
Sugars — comprise all the more important organic ingredients 
of our food. There are, besides, a great variety of coloring 

"and flavoring matters, that stimulate or increase the appetite 
for food by appealing to the eye and taste; but tbey are not 
nutritious, and are quickly separated from tlie truly useful 
substances, and do not long remain in the body. Amoug these 
may be classed spices, flavors of fruits, tea, coffee, and vege- 
table acida. 



too much sugar, just aa they will eat too ULtle fat. The harm it does them 
ia — first, it is very apt to spoil the teeth ; seconil, It talies away t)ie ap- 
petite for other food. If you are always eating sweet cakea and augar- 
piimiB, you will not care for plain, nouririiing diet. Now, what is beat for 
us all ia, to have good appetites tor wholesome food ; it will do more to 
keep na in health all our lives than anything else ; and there ia a great 
deal in getting the right habit." Candies ara frequently adulterated with 
plaster-of-parls, chalk, and certain forma of earth, that are Indigeatible ; 
but worse than that, the coloring matters and Savoring extracts that are 
used In the bright-tinted and fruity-flavored confectionery are absolute 
poisons in many instances, such as arsenic, copper, zinc, lead, prussic and 
sulphuric acid." — Berw'T'a Lessons on HeaUh {in part). 
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J9. Keceeaity of a Reg:ulate4 Diet.— A great vEriety of er- 
perimeiits liavu hccw ti-iisi, inorder to test tlie relative value 
of tlie different nutritive ^irinuipiea. Tliey have lieea pi-iw^fcised 
some extent iiiwn jnau, but chiefly ujKia those inferior 
animals which require a similar diet to man. 

30. Hy this means it hiw been demonstrated that — first, 
when any one of these siibstaneea is eat^n exelusively, the 
body is imperfectly nourished, and life is shortened. Dogs fed 
exclusively upon albumen, fat, or sugar, soon die ,of star- 
vation. Second, a diet long deprived of any one of these 
principles is a fertile cause of diisease ; fur example, on ship- 
board, where fresh vegetables are not dealt out for a long 
period, scurvy becomes prevalent among the sailors. They are, 
however, to a certain extent mutually convertible, and thus 
the missing article is indirectly au^pHed, For instance, sugar 
changes to fat in the body ; and beuce, as is well known, the 
" hands " on a sugar plantation grow fat during the sugar season 
by partaking freely of the ripened juices of the cane, (flead 
Note 11.) 

31. That is the best diet, therefore, which contains some of 
each of these principles, in due proportion) and that is the 
worst which excludes the most of them. Tlie cravings and 
experience of man bad unerringly guided him to a correct 
regulation of his diet, long before the chemistry of food was 
understood; so that his ordinary meals long ago combined 

II. Tbe Effects of a Poor Diet — "The fuod of the poor in olden 
times WKS pear and Bca.nt.y ; so much bo, in fSiCt, that Uieir powers of life 
were depressed ; Mid we believe this fact had luncli to do with the feaj-fu] 
mortality of the plague throi^out Earope during the middle ages. The 
lower classes, especiailly those living in crowded cities, aiid subsisting on 
the scanty and moniHonous diet that the histurians of the iieriod describe, 
were the principal auSerers. From 1296 to 11)06, liundreda uf thousands 
were mrried off by the most fearful pestilences the earth has ever Itnown. 
Itye in France and oats in England were for generations the iilmnst exclu- 
Bive diet ; wheat was a. luxury, which even tbe rich might oolj iuduige in 
at CUrlstmaa. Oats wero known in Germany 8,000 ywsra ago, and were 
probably the original bread-grain for all Europe," — Dr. J. Knight. 
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various principles, tbe necessity and value of which are 
now explained, (JfeaiJ Notes 12 and 13.) 



1 

are I 



12. Vulety in Diet and In its Prepantion Beneficial. — "Eyery 
dietary sbould contain fresh vegetables. It is funher necessary thai oer- 
taitt articles belonging to the same class be varied from day to day, other- 
wise the appetite cloys. Beef sliould alternate with mutmn, for example ; 
or variety should be secured by diflereHt inodea o£ eosking tlie same 
article. Indeed, it is not too much to say that the art of coolcery U a 
matter of national importance, not oaly because it rendeis food palatable, 
but because the more it is studied and practised tlie greater \a the 
economy which may be effected. It. ia chiefiy in tilis relation, Uiat bever. 
■ges, eonditnents, etc., become such valuable dk'tetic adjutiots." — Ifil- 
aon's Hand-hook of Hygiene. 

IS. Some Experiments as to Food. — "Magendie made numerous 
experimenta on the inferior animuk to test the value of different forms of 
imtrinient. He showed that a diet exclusively composed of starch and 
sngar-wnuld not support life. So, too, dogs confined to white bread and 
wat«r died with all the symptoms of starvation ; but on the military 
farown- bread animals lived pretty well, as this article contains a greater 
Tarietyof the alimentary principles. Other experiments have given an 
account at geese limited to some one substance. All of them died — the 
animal fed upon gum, on tbe sixteenth day ; that fed with sugar, on the 
twenty-first day ; one fed with starch, on the twenty-fourth day ; and one 
fed with white of egg, on the twenty-sixth day. In 1769, before these 
experiments were performed. Dr. Stark, a young English physiologist, 
fell a victim at an early age to ill-judged experiments on himself as to tbe 
effects of diHereul foods. He lived for forty-tour days on bread and 
water, for twenty-nine days on bread, sugar, and water, and for twenty- 
four days on bread, water, and olive oil ; until finally, his constitution 
became broken, and he died from the eflects of his experiments." — 
Flint's Physivlogy. 

TOPICAL OUTLINE 

r Albumen — i^ftiVe n/ egg. 

Caseine — i"ii* and vhcese. J 

( Hitrogeaous . . -' Fibtia — blooil. ■ 

.___„., Myosin — nm.ic;e. I 

1*" ■ ■ \ lGelatin-6..).c. 1 



VEGETABLE i 



[ Legumen — bcana, etc. 

I Sts.ic]i — all parts of plant f. 

J Sugars — all parts of plants. 

1 Gums — o,Jl parts of plants. 

I Oils— /n«(s. 

sail, caiciwn <laT4an<Kc. coWMWw 
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QUESTIONS FOR TOPICAL REVIEW 



^ 



ntooriV. 



What CUD yuu stiite iji reltitiuii to the sinirce of friod ? 71 

What discrimliiatliius and selel^tio1la ara uecesaary? 71 

How cau you tell the org^iuic from the inorgajklc sahatancea? T 

What relstive position dues water hold as an article ol tood T 

In what parts of the body is water (ound ? 7^ 

In what articles tliat wo eat Sa it found? — ;.- 7i 

IF ;oD were ceqaired to go without water ur soUd food for a number 

□f days, which would yon prefer to have, and why ? T| 

Wbat can jou state iif the iniportsjice at salt as an artlcta at food ?. 73, ^i 
How ahuodant in salt, ajid how does it find ila way into the human 

system ? 78, 7fl, S 

What can yoti stat« of the Jmportauce o( lime iu the body? In 

what doHS it occur? SO, 8; 

What, of the importance of iron 7 a: 

What further is Stated of other inorganic aubslAncea ? s; 

Wbut ia relation to orgauic substances? SI, 8! 

What can you state in relation to the alhuminolds? S! 

What, in relation to albumen? K 

What, in relation to caseine? K 

In relation to the tats or oils, and how generally censumed ? - S3, EN 

What do we understand by the sugars or sncchorine substances?. •■ 81 

State what you can of sngar— its origin and various qualities SI>,S( 

Of starch— its varieties and qualities g( 

Of the abundance of starch, and its importance as a food-principle. SD, 8< 

What Is Htated in relation to Btimalating substances? 81 

Of the necessity for ri'eulation in diet ? 81 

What ia considered the most healthful diet? 




CHAPTER V 

FOOD AMD DEIHE 

yecessitg for Food — ffaste aisd Repair — Hunger aud Thiret — Amount 
of Food — Bcaovation of the Body — Mixed Diet— Milk — Eygs — 
Meat— Cooking — Vegetable Food— Bread- The Potato- Fruits — 
Purity of Water — A':tioit of Water upon Lead—Coffee, Tea, and 
Chocolate — Effects of Alcohol 

1. Necessity for Food. — Activity is everywhere followed by 
waste. The engine uses up coal and water to produce motion, 
the stream wears away its bank, the growing corn-blade draws 
tribute from the soil. When the human body acts, and it is 
always in action during life, some of its particlea are worn out 
and thrown off. This waste must constantly be repaired, or 
the body BufEera, In this fact is seeu the necessity for food- 
The particles, thus worn out, being henceforth useless, are 
removed from the body. Our food aud . drink are rapidly 
transformed into a new supply of living, useful material, to 
be iu turn used up and replaced by a fresher supply. 

2. Waste and Repair. — In this way the healthful body, 
though always wasting, is always biulding up, and does not - 
greatly change in size, form, or weight. At two periods of 
life the processes of waste and repair are not exaetly balanced. 
In early life the process of building up is more active, and in 
consequence the form is plmup and the stature increases. 
Repair now exceeds waste. On the other hand, when old 
age comes on, the wasting process is more active, the flesh 
and weight diminish, the skin falls iu wrinkles, aud the senses 
become dull. Only during the prime of life — from about 
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twenty to sixty years of age — is the balance exact \ 
l033 and gain. (^Read Note 1.) 

3. Hunger and Thirst. — Wlien the system ia deprived of ita 
supply of solid food during a longer time than usual, nature 
gives warning by the sensation of hunger, to repair the losses 
that have taken place. This sensation or pain appears to be 
located in the stomach, but it ia really a distress of the system 
at large. Let a sufficient quantity of nourishment be intro- 
duced into the system in any other way than by the mouth, 
and it will appease hunger just aa certainly as when taken in 
the usual manner. 

4. The feeling of thirst, in like manner, is evidence tliat 
the system is suffering from the want of water. The apparent 
seat of the distress of thirst is in the throat ; but the injection 
of water into the blood-vessels is found to quench thirst, and 
by the immersion of the body in water, the skin will absorb 
sulficient to satisfy the demands of the system. The length 
of time that man can exist without food or drink is estimated 
to be about seven days. If water alone be supplied, life will 



1. The Waste of the Body. — " In the physical lite o! man there is 
icarcel; such a tiling a^ rc^t — llio uuinberlesa orgaos and tisxues vrhich 
compoae his framu are undei^olng perpelual change, anil in the exerciae 
of the function of eaoU some part of it is destroyed. Thus, we cannot 
think, feeil or move without waaUng siime pniportion, great or smaU, 
according to the energy of tba act, of tho apparatuses concerned —•such 
as brain, nerve or muscles. Now this waste-producl cannot remain in 
its original eiluation, where it would not only be uselosa dross, hut atso 
obstructive and injurious. Such old material is being daily removed 
from our bodies to the average amount of three or more pounds; and 
that an ei|unl i)uaiility of new shall take ita place ia the flrst principle of 
aliiueDtallon. To express it in commercial langua^, thti income must be 
equal to the expenditure ; and in each of us Uie amount of this exchanga 
must in a lifetime reacli many tons. Tliis tiasue-chunge is so complete, 
that not a particle of our present body wDl be ours a short time beuce ; 
and we will be, as I have lately aoen it phrased, like Ihe knife whicb, 
after having had several new blades, and at least one new handle, i 
still the same old knife to its owner. We are, in fact, constantly ' . 
Ing,'" — Mapolker's LfctnTee on PiihUc llenUli. 
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mtuih longer — there being cases recorded where men have 
lived twenty tlays and over without taking any solid food, 
(Jieaa K-le 2.) 

5. Quantity of Food. — The quantity of £ood required varies 
greatly, accoi-diiig to'the individual and his mode of life. The 
young, and others who lead active lives, or who live in the opeil 
air, require more food than the old, the inactive, or the sed- 
entary. Those who live in cold regions require more than 
the inhabitants of hot climates. Habit, also, lias much to do 
■with the quantity of food required. Some liiibitually eat and 
drink more than they actually need, wliile a few eat less tliaa I 
they should. I 

The average daily quantity of food and drink for a 
healthy man of active habits is estimated at six pounds, This 
amount may be divided in about the following proportions : 
the mineral kingdom furnishes three and one-half pounds, in- 
cluding water and salt ; the vegetable kingdom, one and Due- 
half pounds, including bread, vegetables, and fruits; the 
animal kingdom, one pound, comprising meat, eggs, butter, and 
the like. This quantity is about one twenty-fourth the weight 



2. Hunger and Thirst. — " We none o[ us object to a aharp-aet appe- 
tite ; Uiat is by no means unpleasant, especially when there is food at 
band ; but if this is not the case, it soon becomeE a craving paasion — a 
Strong impelling power. The cravings of hunger have done much for this 
world; 'look where we may, we see It as the motive power which sets 
the vast array of human machinery in action.' Hunger is also the iucen- 
tive which directs our attention to the system's need for food, and if it 
tie sharp enough the most loathsome substances are greedily devoured. 
By it has man, and civilized man, too, been -driven to feed upon the 
putrid corpse of liis eomrade. Hunger is one of the great forces in action 
ia the preaervallou of the life of the individual i and the tear of it is one 
,o( the strongest incentives to action. But the pangs of hunger are toler- 
Iftble in comparison with the tortures of raging thirst In fact, so terrible 
tre the latter that they form one of the cruelest tortures which man can 
Inflict on man ; so cruel a torture, indeed, that it has rarely been used, 
Accept in cases of bitter personal animosity, by others than brntal Eastern 
'tyrants, or bigots under the influence. of religious fanaticism." — Ft/lher- 
fiU <in the MavUenaiice of Health. 
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of the body, as it is generally computed ; tlie avetSg^rei^ 
of ati adult man being plaiied at 140 pounds. A man. there- 
fore, coiisiiiues an amount of solid and liquid nutriment every 
twenty-four days equal In weight to that of his body, a corre- 
sponding amount being earcreierf, or removed from the system in 
the same time. (AciJ Noux 3 and 4). 

3. A Lifetime Allowance of Food. — "M. Soyer, in Ii'lh 'Modem 
Housewife,' makes n calculation aa to liow mucii food an epicure of 70 
years of Rge lias cousuuilU. This imaginary epicure, wlio ia BUpposed to 
be a, wealtliy personage, U placed by liini on Primrose Ilill at ten years 
old and told to look around him at ilie vast asBemblogo of animals and 
other objecta be will in tlie course of a lifetime send down his throat — 
the sight of which is, of course, described as appalling. Among the other 
things, he is to devour 30 oxen, 200 sheep, 100 caives, 2O0 lambs, 50 pigs, 
1,200 fowls, 300 turkeys, 203 pigeons, 120 turbot, 140 salmon, 30,000 
oysters, 5,745 lbs. of vegetables, 24-'i; lbs. of butter, 24,000 eggs, and 4^ 
tons of bread, besides fruits, sweettneats, etc., and 49 hon;shea<ls of wine, 
548 gala, of spirits, and about 3,000 gals, of ten and coSee. This is a 
mere outline of what we are told is destined to be consumed. To show 
there is no exaggeration, Soyer assures us that he has from experience 
made up a scale of food for the day for a period of 60 years, and it 
amounts to 33J tons of meat, farinaceous food, and v^etables, etc." — 
Journal of Chemistry. 

i. ADail)> Ration for an Adult Han. — "We may arrive at something 
like an average daily diet by taking the case of the man in good health, 
weighing 154 lbs., and measuring 5 feet 8 inches in height Simply to 
maintain his boiiy, without loss or gain in weight, his ration of food 
should not contain less, during 24 hoiira, than the following proportiotti 
and quantities of the main ingredients ; 



TUF. A 



ii;e daily diet foe an i 





,,.™.., 


,.»„. 




3JS 


a 8 s»i' 

110 


Alb.»I.JJ..,«..b »„..,, 










m 


t IB m 



" Water, it will bo remembered, entei 
article ot food as well aa in the iiq^uids v 



into the composition of every 
! i^rink. In reality, the weight 



FOOD AND DRIKK 



. Renovation of the Body. — By this process, 
weight is concerned, the body might be renewed every twenty- 
four daya ; hut these pounds of food are not all real nutriment. 
A considerable portion of that which we eat is innutritions, 
and though useful in various ways, is not destined to repair 
the losses of the system. An opinion has prevailed that the 
body is renewed throughout once in seven years ; how correct 
this may be, it is not easy to decide, but probably the reno- 
vation of the body takes place in a much shorter period. 
Some parts are very frequently renewed, the nutritive fluids 
changing more or less completely several times during the day. 
The muscles, and other parts in, frequent exercise, change 
often during a year; the bones not so often, and the enamel 
of the teeth probably never changes after being once fully 
formed. {Read Note 6.) 

8. Mixed Diet. — The habits of different nations in respect 
to diet exhibit the widest and strangest diversity. The civil- 
ized cooic their food, while savages often eat it in a raw state. 
Som.e prefer it when fresh; others allow it to remain until it 
has become tainted with decay. Those dwelling in the far 

ot llie dry food we take will exceed lliat gtven above ; chiefly for llie 
reason lliat they do not come to ua pure and unmixed with fibrous 
material and gelatine, whoae use in nourishing the body is limited and 
uncertain." — Kfnsingtun Mttteum JIaiid-Book on Food. 

5. The Renewal of the Body. — "To meet these constant chemiea,! 
changes, material is tal4en in, m the form of food and drink, which ia 
being constantly aasiniilaled, and bo nutrition and repair are conducted. 
The rapidity with wliich these changes are carried on is much greater 
than ia osually supposed. Faley, in his 'Natural Theology,' states that 
seven years are requisite for the perfect renewal of the body ; and ihU 
stslemeut, owing partly to the mysticism associated with the number 7, 
is generally aaspted and believed. The time really is rather months 
than years ; but it is absurd to fix a time which must necessarily vary in 
dlderent individuals, being much less in the infant than in the aged, in 
the active than the indolent ; widely different, too, in various tissue.'), 
from the epithelium lining o( the glands ot the stomach, renewed several 
times in each act of digestion, tn the enamel of the tooth, which is proba- 
bly never renewed durtog a lifetime," 
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north subsist almost wholly on animal food, while those living 
in hot climates have bountiful supplies of delicious fruits with 
which to satisfy all their bodily wants. One race aubsista 
upon the banana, another upon the blubber of seals. In 
temperate climates, a diet composed partly of vegetable and 
partly of animal food is preferred. (_Bead Note 6.) 

, The important point to consider is, however, not one of 
origin, but whether the chemical principles (mentioned in the 

it chapter) enter into the composition of the diet. A purely 
vegetable diet may be selected which would contain all the 
principles necessary to sustain life. It is recorded of LouJa 
Coraaro, a Venetian noble, that he supported himself comfort- 
ably for fifty-eight yeare on a daily allowance of twelve ounces 
vegetable food, and about a pint of light wine. On the 
other hand, the food of Jdhn tho Baptist, c»»isisting of 
"locusts and wild hwiey," is an example of the snataining 
power of a diet chiefly animal in its origin. 

10. In otir climate, those who lead active lives crave an 
allowance of animal food ; and it has been found by experience 
that with it they can accomplish more work and are less sub- 
ject to fatigue, than without it. Among nations where an 
exclusively vegetable diet is employed, indigestion is a dis- 
order especially pi-evalent. {iccad Xoie 7.) 

, Different Effects of Aoiinal and Vegetable Food. — "Iia\T ine^t 
gives fierceness to animals, and would da the same to man. This is so 
true thnt the English, who eat their meat imdenlone, eeein to partake of 
tiiia fierceness more or less, as shown Id pride, hatred, and contempt of 
other nations," — De La MHtrie. 

iyora are, in general, stronger, bolder, and more pngnacioaa 
than the herbirora on which they prey ; in tike manner, those nations 
who live cm vegetable food differ in disposition from such as lire on 
flesh." — Liebig. 

7. A Mixed Diet afiortb the Best Results. — "The mixed diet to 
which the inclinntiiin of man in temperate climates seems usually to lead 
Iiim, when circumstsncea alhnw Ihat inclination to develop itself (reely, 
appears to be follj conformable to Die conswiction of bis denial and 
e apparatus, as well as lo bis instinctive craTUigs, And whilrt 
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11. The necessity for oceaaionally changing or varying thefl 
aeen in the fact that no single article compriata all thsT 
aieceseary principles of food, and that tlte contiimous use ofl 
KlUiy one diet, whether salt or fresh, ia followed by defectivaS 
Nutrition and disease. There is one exception to this rule : ioM 

[ifancy, tnilk alone is best calculated to support life; for thetu 
Kthe digestive powers are incompletely developed, and the food! 
"le presented in the simplest form possible. It should! 
Iso be remembered that too rich diet is injurious, just as truly J 
Kjl8 one that is inadequate. When the food of horses is togi j 
f nutritious, instinct leails them to gnaw the wood-work of theil] 



IS, Different Articlei of Diet — Milk. —Milk is the earliest^ 

tnutriment of the human race, and in the selection and arranges 1 

ment of its constituents, may be regarded as a model food, nol 

Vother single article being capable of sustaining life so long, \ 

{Cow'b milk holds caseine, one of the albiuninoids, aboiit live i 

jarta in one hundred) a fatty principle, when separated, known I 

1 butter, about four parts ; sugar of milk four parts ; water 1 

md salts eighty-seven parts. The caseine and fatty substanca I 

a far more digestible in milk than after they have been sepa^ ] 

rated from it in the'form of cheese and butter. 

IS. Since milk, in itself, is so rich an article of food, the 
ise of it as a beverage is unwise, luiless the quantity of the 

le hand it may be freely conceiied ti> the advocates ot ' vegeto- 

' tbat a well-setect(Hl vegetable dlel Is capable oC pruducliig, in 

e greatest number of lndlv<^uat«, the liigbest physical developmeui ot 

Which they are capable, it may, on the oilier hand, ba affirmed wiLh 

tquat certainty, that the substitution of a modemts proportion of animal 

~ ii) iu> way injurious ; but, so f.'kr as our evidence at present 

ntend«, this seema rather to favor the tiigbcst mental development. 

And we can Hcarcely avoid the oonclusiim that the Creator, by conferring 

I a remarkable range of choice, intended tu iiuallty him for siib- 

iting on those articles ut diet, whether animal or vegetable, which be 

Vflnds most suitable to his tastes and wauts." — If. B. Carpenter on the 

yriMipltt of Phyeiologi/. 
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other articles consumed be leiluceil at the same time. 
milk sold in cities Is apt to be diluted with water. The way 
to detect the cheat is by testing the specific gravity of the 
article. Good milk is about 103() ; skimmed milk, 1035 ; but 
milk diluted one-fifth ia 1024, An instrument called the 
lactometer is also used, by which the amount of cream present 
is ascertained. 

14. Egga. — Tbe egg ia about two-thirds water, the rest ia 
pure albumen and fat in nearly equal portions- The fat is in 
the yolk, ami gives it its yellow color. Egga contain none of 
the sugar principles, and should be eaten with bread or vege- 
tables tliat contain them. Soft-boiled eggs are more wholesome 
than those which are hard-boiled or fried, as the latter require 
longer time to digest. 

15. Meats. — The meats, so called, are derived from the 
muscidar parts of various animals. They are most important 
articles of food for adults, inasmuch as they are richly stored 
with albuminoid siibstances aud contain more or less fat. Such 
food is very noui'ishing, aud easily digested if eaten when 
fresh, — veal and pork beiug exceptions. Tbe flesh of young 
animals is more tender aud, in general, more digestible than 
that of older ones. All meat is more tough immediately after 
the killing of the animal, but improves by being kept a certain 
length of time. 

16. Some persona prefer flesh that has begun to show signs 
of decomposition, or ia immistakably puti'id. By some, venison 
is not considered to have its proper flavor until it is tainted. 
In England, people prefer mutton that ia in a sijnilar condition, 
just as on the continent of Europe many delight in cheese that 

in a state of decomposition. In certain less civilized coun- 
tries, flesh is not only eaten -uncooked, but in a mouldy, rotten 
condition. The use of such food is not always immediately 
injurious, but it predisposes to certain diseaaea, as indigestion 
and fevers. {Read JVbfe 8.) 



14. Composition or eegir Totkr H 
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17. Cold 13 one means of preserving meat from decay. In 
the luarkets of northern Kussia;, the frozen careaases of aiiimala 
stand exposed for sale in the winter air for a (jouaiderable time, 
and are sawed in pieces, like sticks of wood, as the purchases 
are made— snch meat, when thawed, being entirely fit for 
food. Beef and pork are preserved by salting down in brine, 
and in this condition may be carried on long voyages, or kept 
for future use.' Salted meat ia not as nutritious as fresh, since 
the brine absorbs its rich juices and hardens its fibres. Long- 
continued use of salt meats, without fresh vegetables, gi^es 
rise to the disease called scurvy, formerly very prevalent on 
ship-board and in prisons, but now scarcely' known. 

18. Cooking. — The preparation- of food by the agency of fire 
is of almost universal practice, even among the rudest nations. 
The object of cooking is to render food more easy of digestion 
by softening it, to develop its flavor, and to raise its temperar 
ture more nearly to that of the body. A few articles of flesh- 
food are eaten uncooked in civilized lands, the oyster being 
an instance. Raw meat is occasionally eaten by ijivalida 
with weak digestive powers, and by men training for athletic 



19. The cooking may be so conducted as to rob the meat of 
its tenderness, and of its flavor. The proper method, in order 

8. A Sommary Concerning Diet. — " The food on which the man who 
would tie healthy uhuuld live, should be selected bo as to iusuro a. variety 
without excess. Animal food should not he taken oftener than twice 
daily. The amount of animal and vegetable food combined should not 
exceed 30 ounces in the 24 hours; aitd for the majority of persons an 
average of 24 ounces of mixed solid food, a third only of which should he 
animal, is sufBcient. All animal foods should be eaten while they are 
fresh, and after they been have well cooked. The habit of eating under- 
done flesh is an almost certain cause of parasitic diaease. The amount of 
fluid taken, in any form, should not erceed the average of 24 ounces 
daily. Water is the only natural beverage." — Dr. B. W. Itichardton, 
The DiMae«» of MoAern Life. 

IT. Old u > preaerrcrT Mcst N Russlif Beef and pork, Iiow presfrndf SiUed 

IS. ThauUqDltyar the custom or cooking A>i»I? Object of aooklngt The ojiterl 
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to preserve or promote these qualities, is to place the meat in 
boiling water, whicli, after a few minutes, should be reduced 
in teiuporature. In this way the intense lient, at liiat, coagu- 
lates the exterior layers of albumen, and iiJi|>riaon8 the delicate 
juices; after tliat, ]noderate heat best softens it thi-oughout. 
When soup is to be made an opposite course should be pui-sued ; 
for then the object is to extract the juices and reject the fibre- 
Meat, for such purpose, shoidd be cut in small pieces and put 
into cold water, wliich should theu be gi'aduaJly raised to boil- 
ing heat {BtaA Note 9.) 

20. Koaating is probably the best method of cooking meat, 
especially " joints " or large piecca, as by tliis process the meat 
is cooked in its own juices. Koasting should begin with intense 
heat, and be continued at a moderate temperature, in order 
to prevent the drying out of the nutritious juices, aa by this 
process an outer coating or crust of coagulated albumen is 
formed. During this process the meat loses one-fourth of its 

. Cooking Paves the Way for Easy Digestion. —The objects to bo 
obtained by cooking meat are : 1. Tu coa^late tUe albumen and blood 
of the tisEues, bo as to render tUe meat agreeable to Uie sight. 2. To 
develop flavors, and to make the tissue crisp, as well as tender, and there' 
tore more easy of mastication and digestion. 3. To secure a cerlaia 
temperature, and thus to be a means of conveying warmth to tlie system, 
4. To kill parasites in the tissues of the meat. 

The action of heat should not be coatjnued after these objects are 
accnuiplishtid, as the meat will thereby be rendered indigestible. If & 
piece of meat be placed in water which is briskly boiling, a crust, so to 
speak, is formed by the rapid coagulation of the albumen upon and near 
the surface ; so that the juice of the meat cannot escape, nor the water 
penetrate its interior. It, on the other hand, the meal be put In cold 
water, and slowly heated, the meat is left poor and lasteleas. Even in 
roasting meat the heat must he strongest at first, and it may then be 
much reduced. The juice which, as in boiling. Hows out, evaporates, in 
careful roasting, from the surface of Hie meat, and gives to It the dark 
brown color, the lustre, and the strong animatlc taste of roast meat. All 
baked and roasted tatty foods are apt to disagree with delicate sloinaclis! 
and it h often remarked that, although bread and butter, boiled puddmgs, 
boiled flah, or boiled poultry can be eaten freely without discomfort, yet 
Inasl and batter, or meat pies and pastry, or fried flah, or roasl«i fowl 
will disagree with the stomach.— Leihehy on Pood. 
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ireiglit, but the loss is almost irholly water, evaporated by the 
heat. Too intense or prolonged heat will dry the meat, or 
burn it. Frying is the worst possible method, as the heated 
fat, by penetrating the meat, or other article placed in it, dries 
and hardens it, and thus renders it indigestible. 

21. Trichina. — It should be remembered that ham, sausages, 
and other forms of pork should never be eaten in a raw or 
imperfectly cooked condition. The muscle of the pig is often 
infested by a minute animal parasite, or worm, called trichina 
gpindis. This worm may be introduced alive, in pork food, 
into the human body, where it multiplies with great rapidity, 
and gives rise to a painful and serious disease. This disease 
has been prevalent h\ Germany, and cases of it occur from 
time to time in this coimtry, 

22. Fish. — The part of fish that is eaten ia the muscle, just 
as in the case of the meats aud poultry. It closely resembles 
flesh in its composition, but is more watery. Some varieties are 
very easy of digestion, such as salmon, trout, and cod ; others 
are quite indigestible, especially lobsters, clams, and shell-fish 
generally. A diet in which fish enters aa the chief article, is 
ill adapted to strengthen mind or body, while its continued 
use is said to be the fertile source of nearly every form of 
disease of the skin. Some persons are so constituted that they 
can eat no kind of fish without experiencing unpleasant results. 

23. Vegetable Food. — The list of vegetable articles of diet 
ia a very long one, including the grains from which our bread- 
Btuffa are made, the vegetables from the garden, and the fruits. 
All the products of the vegetable kingdom are not alike useful, 
^flome are positively hurtful ; indeed tlie most virulent poisons, 
ae stryelmia and prussio acid, are obtained from certain vege- 
tables. Again, of auch articles as have been found good for 
food, some are more nourishing than others ; some require very 
little preparation for use, while others are hard and indigest- 
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ible, and can only be used after undergoing many preparatory 
procesaea. Great care must tlierefore be exercised, and many 
experiments made, before we can arrive at a complete knowl- 
edge in reference to theae articles of diet. Tea, coffee, and 
other aubatancea from whicb drinka are made are of vegetable 
origin. 

24: Bread. — Wheat is the principal and moat valuable kind 
of grain for the service of man. Bread made from wheat-flour 
has been in use for many hundreds of years, and on this 
account, as well as because of its highly nourishing properties, 
has been aptly called " the staif of life," We never become 
tired of good bread aa an article of daily food. The white 
kinds of flour contain more atareh and leaa gluten than the 
darker, and are therefore less nutritious. The hard-grain wheat 
yields the best flour. In grinding wheat, the cbaff or bran is 
separated by a process called " bolting." Unbolted flour la 
used for making brown or Graham bread. {Bead Note 10.) 

25. The iorm of bread most easily digested ia that which 
has been " leavened," or rendered porous by the use of yeast, 
or by some similar method. Unleavened bread requires much ' 
more mastication. Hot bread ia unwholesome, because it is 
not firm enough to be thoroughly masticated, but ia converted 
into a pasty, heavy mass, that ia not easily digested. 

10. Bread. — "The health and power of a nation, aa of an army, 
depend greati; on its food. The qualit; of bread In any nation, com- 
munity, or family Is a pretty gnud measure of its civilization. No one 

n entirely dispense with it. Good or bad, in some fonu it mnsC be bad. 

I it IB, and has been from the earliest records of the race, and ao it will 
doubtless continue. Leavened or fermented bread ia aa old as Uie time 
of Moses, and its value has been fully tested. Whatever be the precise 
action of the leaven, it transforms the grain by partial decomposition of 
its original elements, and leaves as its resultant what all men in all ages 
have approved. Ia tbe art of making good, honest, leavened, Bible bread 
lost fn Massacbusetta, as some of our friends declare ? Baker's bread is 
almost nniveraally adulterated. Bread hastily made in families is ml»ed_ 
n a variety of ways, with a variety of ohemicala, and is generaUjr H 
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26. "Wheaten bread contains nearly every principle requisite 
for sustaining life, except fat. This is commonly added in 
otlier articles of diet, especially in butter, — " bread and butter," 
consequently, forming an almost perfect ai'ticle of food. Tlie 
following experiment ia recorded: "A dog eating ad libitum of 
white bread, made of pure wheat, and freely supplied with 
water, did not live beyond fifty days. He died at the end of 
that time with all the signs of gradual exhaustion." Death 
took place, not because there was anything hurtful in the 
bread, but because of the absence of one or more of the food _ 
principles. J 

27. The Potato. — The common or Irish potato is the veg&-^ 
table moat extensively used in this country and Great IJritain. 
Among the poorer classes in Ireland it is the main article of 
food. While it ia not so rich in nutritious substances as many 
others, it has some very usefid qualities. It keeps well from 
season to season, and men do not weary of its continuous use. 
It is more than two-thirds water, the rest being chiefly starcli, 
with a little albumen. 

88. The sweet potato differs from the white or common in 
containing more water and a small proportion of sugar. The 
common potato and tbe tomato belong to the same botanical 
order as the "nightshades," but do not possess their poisonous 
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lectiy cooked. Very often the elements of wheat and fat which the body 
dem&nda (a wise and witty clergyman of tbe last generation uaed to Bay, 
bread is the staff of life, but bread and butter ia a gold-headed cane ') 
ire famished in underdone paatry, made from flour and hog'a lard. Any 
lamily who will take the pains can have good bread. It involves not 
than ordinary ekill and judgment. It is to be found on Uie con- 
tinent of Europe, on all tlie great lines of travel, and is as common 
unong the people of France and Germany as it ia rare with ua. The 
materials for an honest, wholesome loaf are simple and not expensive. 
The value of time and labor required for kneading the dough are tlie 
Old? difficulties, and these we would not undervalue ; they arti in many 
bmlliea very serious, and not eaeily overcome." — Derbj/ on the Food f 
Ma»*itehii»etu. 
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qualities, unless we except potatoes that are in the proceas b 
germination or sprouting, ■wlimi tlipy are foimil injurious aa 
food. 

29. FniitB. — These are produced, in tliia country, in great 
abundance, and are lemarkiible alike for their variety and 
delicious flavor; consecpic-ntly tliey are consiuned in large 
ijuantttips, especially during the wanner months. The moder- 
ate use of ri]»e fruits, in their season, is beneficial, because 
they offer a pleasant substitute for the more concentrated diet 
that is used in cold weather. The amount of solid nutriment 
they contain is, however, small. The percentage of water in 
oherriea ia seventy-five, in grapes eighty-one, in apples eighty- 
two. Unripe fruits contain starch, wliicli, during the process 
of ripening, is converted into sugar. Sncli fruits are indl- 
gi'atible, and should be avoided; cooking, however, in part 
removes the objection to them. 

30. Pure Water. — It is important that the water we drink 
and use in the preparation of " food should be pure. It should 
be clear and colorless, with little or no taste or smell, and free 
from any great amount of foreign ingredients. Chemically 
pure water does not occur in nature; it is obtained only by 
the condensation of steam, carefully conducted, and is not as 
agreeable for drinking purposes aa tlie water furnished by 
springs and streams. Eain-water is the purest occurring in 
nature; but even this contains certain impurities, especially 
the portion which falls in the early part of a shower; for in 
its descent from the clouds, the particles floating in the air are 
caught by the falling drops. 

31. Water from springs and wells always contains more or 
less foreign matter of mineral origin. This imparta to the 
drink its pleasant taste — the sparkle, or "life," coming from 
the gases absorbed by the water during its ^jassage under- 

S9. FrulUf Um or ripe n-ntt? NutrlmBnl Uioy ainlaiLl SMrcb Iq aarlpe frollsf 
GookiDirnrniiripii traXUI 

80. How shonlddrioWng.waler bo as regards color and ttuellf (^OBilcsllrpnre wnliirT 
Bow DbtHlned t AfrBHhlaiiMa <ff pfirfnotjy pure v/oXffr t 

81. Spriiigsndivpll wotctf Whoaeo the iimuUb, w lift I Tbe wMsr supplj oTeMNt 
Croton water t Kldsewoud 1 
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ground. The ordinary supply of cities is from some pwre 
stream or pond, conveyed from a. distance tlirough pipes, the 
limpid fluid containing generally only a small jimount of im- 
purity. Croton wator, the supply of New York (Jity, is very 
pure, and contains only four and a half grains to a gallon; the 
Bidgewood water, of Brooklyn, holds even less foreign matter. 

32. Drinking-water may contain as large a pro[«rtion as 
sixty to seventy graina per gallon uf impurity, but a much 
larger quantity renders it rmwholesome. The mineral spring 
■waters, used popularly as medieinea, are highly charged with 
mineral substances. Some of them, snch as the waters at 
Saratoga, contain three hundred grains and more to tbe gallon. 
(^BfOd A'olBll.) 

33. Action of Water upon Lead. — The danger of using water 
tliat lias been in contact with certain metals is well known, 

11. Impure Water Spreads DiseaBo. — "In the year 1807, three 
milllona of pilgrims, of whom a handful heul uoiiie from a cliolera dis- 
trict, assembled at Huidwar, a few miles from the spot where the Ganges 
escapes from the Himalayas. C^n the 12th of April the three miUioiia 
resulted to bathe and driuk. ' The bathing-place of the pilgrims was a 
apace <t50 feet long by 30 feet wide, sliut ofi from the rest of the GanKes 
by rails. Into this long and narrow incloBure pilgrims from all parts 
of the SDcampment crowded as closely as possible from early mom to 
sunset ; the water within this space, during the whole time, was Uiick 
and dirty^partly from tbe ashes uf the dead, brought by Burviving 
relatiyCB to be deposited in the water of their river god, and partly from 
the washing of the clothes and bodies of the bathers, ^ow, pilgrims at 
the bathii^ jhaut, after entermg the stream, dip themselves under the 
water three times or more, and then drink of the holy water, whilst 
saying their prayer. Tlie drinking of the water is never omitted ; and 
when two or more members of a family bathe together, each from his 
own hand gives to the other water to drink. On the evening of the next 
day, the 13th of April, eight oases of cholera were admitted into one of 
Uie hospitals at Hurdwar. By the 15t!i, the whole of this vast coneourse 
of pilgrims had dispersed,' carrying the cholera in every direction over 
India ; it attacked the British troops along the varloos raul«B, it passed 
the northern frontier, got into Perain, and so on into Enropo, where it 
will work its wicked will (or some time to come. Tliat is a sample of 

I the mischief water can do in the way of spreading disease," — London 

K JfeiHfliirVew. __^ 
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Lead is one of the most readily soluble, and probably £^^mm 
poisonous of tliese substances in common use. When pure 
water and an uutarnislied surface of lead isome in contact, 
the water gradually corrodes the metal, and soon holds : 
appreciable quantity of it in solution. When this takes place 
the water becomes highly injurious ; the purer the water, and 
the more recent tlie use of the metal, the greater will be the 
danger. (_Bead Note 12.J 

34. In cities, lead pipes are commonly used to convey water 
through the houses ; lead being also used in the coD.stmction of 
roofs, cisterns, and vessels for ieeping water and other liquids. 
After articles made of lead have been in use several months, 
the danger of lead-poisoning diminishes. An insoluble coating 
of the sulphate of lead forms upon the exposed surface, thus 
protecting it from further corrosion. It is, however, a wise 
precaution, at all times, to reject the water or other fiuid that 
has been in contact with leaden vessels over night, or for a 
number of hours. Allow the water in pipes to run freely 
before using. 

35. Coffee. — This is an important addition to diet, and, if 
moderately used, is beneficial to persons of adult age. As 
commonly employed, it consists of an infusion in boiling water 
of the roasted and ground berry. The water extracts certain 
flavoring and coloring matters, but that which gives it its 
peculiar stimulant qualities is the alkaloid caffeine. With most 
persons its action is that of a gentle stimulant, without any 
injurious reaction. It produces a restful feeling after eshaust- 



12. Lead in Drinking-Wftter. — " The danger of uHing lead for pipes 
or cialerna ia now well known, the case ot tiie late royal family of France, 
at Clareraont, having iiiaiie the matter notorious. In this case there Was 
one-tenlh of a grain in tlie gallon, and one-third of the persona who 
drank the water were affected. But even one one-hundredtb of a grain 
per gallon has produced palsy in those who drank this impurity habitually, 
Tt is remarkable that the Tliames water will at oue time diASolve lead, 
and not at another." — Mapnlher's Heallh Lfctiires. ^^^M 

H M. LbbA In pipes nnil otlier IliingH t Advice t Whit takes piscs aftBT tfaa imUm^^^^H 
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ing efforts of mind or Itody; it tranquillizes, but does not dis- 
qualify for labor, and lieiice it is highly esteemed by persons 
of literary pursuits. 

36. Another property of coffee is, that it diminishes the 
waste of the tissues, and cousequeutly permits the performance 
of excessive labor upon an economical and inadequate diet. 
This has been tested among tlie miners of Belgium. Their 
allowance of solid food was below tliat found necessary in 
prisons and elsewhere; but, with the addition of about four 
pints of coffee daily, they were enabled to undergo severe 
labor without reducing their muscular strength. The caravans 
whicli traverse the deserts are supported by coffee during long 
journeys and lengthened privation of food. Among armies- it 
is indispensable in supplementing their imperfect rations, and 
in relieving the sense of fatigue after great exposure and long 
marches. When taken with meals, coffee is also tliought to 
promote digestion, 

37. Tea, — The effects of teardrinlting are very similar to 
those of coffee, and are due to a peculiar principle called theine. 
This principle is probably the same as that foiuid in coffee — 
caffeine — since the chemical composition of both is precisely 
alike. Tea, as a beverage, is made from the dried leaves of 
the plant by the addition of hot water ; if the tea be boded, 
the oil which gives it its agreeable flavor is driven off with the 
steam. There are two kiuds of tea— the black and the green ; 
the latter is sometimes injurious, producing wakefulness and 

-other nervous symptoms. The excessive use of either coffee 
or tea wdl cause wakefulness. 

38. During Dr. Kane's expedition in the Arctic regions, the 
effects of these articles were compai'ed. " After repeated trials, 
tlie men took most kiudly to coffee in the morning, and tea in 
the evening. The coffee seemed to continue its influence 
throughout the day, and they seemed to grow hungiy less 



K. A nulher property of culTeet Miners of Bclgtniu F Thv Ckmyant r 
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rapidly than after drinking tea, ivhile tea aoothed them after a 
day's hard labor, and the better enabled them to sleep. They 
both operated iipou fatigued men like a charin, and their supe- 
riority over alcoholic stimulants was very decided" 

39. Chocolate is made from the seeds of the cocoartree, a 
native of tropical America- Its effects resemble somewhat 
thoae of tea and coffee, but it is vei-y rich in nntriment. Lio- 
nffius, the botanust, was so fond of this beverage, tliat he gave 
to the eocoa-ti'ee the name Theobroma — "the Food of tlie 
Gods." Its active principle is theobrmnin. 

40. Alcohol. — The word aloohol is of doubtful origin. It is 
commonly supposed to bo derived from the Arabic language, 
several words in that tongue resembling it in sound, but none 
of them or any other in the language have a meaning corre- 
sponding with that of the English term. 

41. History. — Alcohol was distilled from rice many centu- 
ries before tliat seed was known in Euroije. We hear of it in 
Bagdad about the year 900. It was known to the Mooi-s of 
Spain, through whom the knowledge of its production spread 
into Western Europe. The first description of alcohol was 
given by a western writer about 12S0, who wrote of a "bui'ning 
or ardent water " that resulted from the distillation of wine. 
It may also have been known to the Romans, for Pliny, in 
the first century, wrote of a strong kind of wine that was in- 
flammable — a quality that strongly suggests the knowledge 
of a product of distillation. 

43. The Alcohols. — There are at least twelve members of 
the alcohol family, the oldest of which is common alcohol. 
This last is the only one that need be referred to here. Comi- 
1 Alcohol is sometimes known as spirit of wine, also as 
viuic alcohol. It is commonly obtained by the distillation of 
grains or of wine. The ardent spirits of commerce {brandy, 
whiskey, gin, and rum) contain about one half water, the other 
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haii alcohol. Alcohol is also found in all the wines and malt 
lic^iiurs (beer, ale, anil poi-tec) iii varying pi'0]>ort.iona. The 
juices of liite, sweet fruits will, at seventy degrees Fahien- 
he it, begin sijontaneously to "work" or ferment; also wheat 
and other starch-grains, when sprouting, will have their starch 
iged into sugar, and this, in like manner, will uuderj,'o 
fermentation — alcohol being one of the resiilts of this action 
in both cases. Thus this fermentation, in changing barley, 
grapes, and apples, into beer, wine, and cider, respectively, 
transforms valuable foods into most seductive poisons. 

43, Properties trf Alcohol, — Alcohol is a clear, coloriesa, 
volatile, alid inflammable liquid of penetrating odor and 
burning taste. It is lighter than water. As it cannot be 
frozen, it is used in thermoraeters for taking low or exceedingly 
cold temperatures. It is also used in spirit levels. It bm-ns 
with a pale, bluish flame, without smoke, and with iuteuse 

sat ; hence its use in the spiriWamp. 

44. Is Alcohol Food ? — Some authorities class alcohol among 
the food substances. Chemically it is allied to the sugars, but 
the effect of alcohol within the body is very unlike that of the 

irs. The latter are nourishing, while the foiiner tends tti 
impair nutrition. It was on the mistaken theory that alcohol 
had sustaining power, that for two hundred yeare the armies 
and navies of certain countries were supplied with rations of 
or some other alcoholic drink, under the name of "grog." 
During recent years, a systematic inquiiy has been made to 
discover whether the grog-ration was really serviceable or the 

irse. Tests have been tried upon considerable bodies of 
men, under military discipline, by withdrawing that ration; 
comparisons have been made at home and abroad, in liot cli- 

Bs and in cold, in active service and at rest. The residts 
of these observations have, without exception, been favorable to 
tlie non-use of spirits. The proportion of ill-health, the num- 
ber of sick days, and the incapacity for work have invariably 
been greater among the men to whom the spirit-ration has been 
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iasiied, the quality of food wud other cireitmHtances heiug made 
aH nearly equal as poBsiblc. Hentte the conclusiou that not 
only ia alcohol not a food, hut m injurious iu itself, and a 
detvimeTit to the fond taken. 

46. Does Alcohol Kelieve Thirst? — One of the most striking 
I)ro])ortieB of aluohol ia its affinity to water. When Bwallowetl, 
therefore, its tenileney IS to di;privo the body of water, and to 
create thirst rather tliau to relievo it. It may then be stated 
that alcoholic drinks which appear to quench thirst do bo by 
means of the water that, in greater or leas quantities, dilutes 
the alcohol they contain. Water, the peerless beverage of 
nature, does its work better in proportion as it remains free 
from alcohol. To maiutiiin normal action, the delicate organs 
of the body require a uniform supply of water. When alcohol 
is introduced, it draws the water to itself, and leaves the 
organs without their share of proper moisture ; hence, after 
death from alcoholism, we find them affected in different 
degrees, being drier and harder than is natural. 

46. Does Alcohol Enable its ConsQmera to Resist Extreme 
Cold? — If this could be proved to be a fact, some of its 
boasted iisefiilness would receive support. In extreme cold 
climates, the inhabitants are enabled to live comfortably by 
consuming vast quantities of animal food alone, especially if it 
is abundantly oily. Will alcohol act in a similar way or assist 
in maintaining heat ? Experience and observation say no. 

47. Before the thermometer was applied to the testing of 
the body's temperature, it was commonly suf>oaed, by reason 
of the sensations of warmth, that alcohol increased bodily heat, 
When, however, this new test was applied, it bec^ame apparent 
that those sensations were deceptive, and that there had been 
an actual fall in temperature as the result of imbibing alcohoL 
The surface of the stomach is irritated by this powerful agent, 
causing the nerves of sensation to convey to the brain the im- 
pression that something has entered the stomach which is pro- 
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dncing warmth. This is a delusive impression, as we know, 
by iMJuring a few drops of alcohol on the skin, that the ten- 
dency of alcohol is to cool the surface whenever evaporation 
can take place. 

48. The sensation of warmth of the face and surface of the 
body is also deceptive. The flushing of the face, common to 
hard drinkers, does not indicate that they have a .superabiin- 
dance of animal heat, the temperature of their bodies being 
below normal. The true cause of the Hush is a paralysis of 
one set of nerves governing the natural action of tlie hair-like 
vessels that course just below the akin. Nature has provided 
these infinitely fine vessels with minute controlling nerves, 
whose duty it is to regulate the flow of blood in exposed 
positions. Alcohol paralyzes this control ; the blood flows at 
random, and the terminal vessels are overcharged with blood. 
Hence, the high color, which is so remarkable in habitual 
drinkers that it amounts to a disfigurement, is Nature's sijjnal _ 
of distress, showing that the civcrdatiou is deranged, and the 
blood imduly brought into contact with the lower temperature 
of the outer air. Alcohol, therefore, is not a producer of heat, 
but a promoter of cold, and must be dangerous to any persons 
taking it when they are exposed to low temperatures. {Read 
Note 13.) 

49. The testimony of those who have had experience in 
contact with the realms of snow and ice is imanimous against 
the cold-resisting jiroperty of alcohol. It is recorded of the 
men who served in Napoleon's campaign in Russia, under 
great exposure to cold, that death was hastened by the use of 
alcohol The evidence of the Monks of St. ISeniard is similar. 

IS. Dr. Rae'B Statement. — "The Arctic explorer, Dr. Rae, states 
that he found entire avoidance ai alcohol necesBary in the far North. The 
moment a man bad swallowed a ddnlt of spirits, It was cprtain that bia 
day's work waa nearly at an end. ' It was absolutely neoesaary that the 
rule of total abstinence should be rigidly enforced, if we would accomplish 
ir day's task. Any use of liquor, as a beverage, wheu we bad work oil 
baud, la that terrific cold, was out of the question.' " 

a, orchitis the Hiiabul ntoeofilrliikera theiDJeil 
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Niunerous Arctic eitplorers testify that not only is the t 
porary indulgence liable to result in most serioiiB eonaequenees, 
but that strong, able-lxidied men in the habit of using altohoHo 
di'iuks aie entirely unfitted to resist the cold to whieh they 
mijst be exposed. The natives and travelers alike rely upon 
freah animal food, especially fatty food, and avoid alcohol as a 
danger to life.* 

50. Alcohol Destructive to Liie. — Instead of being a pro- 
moter of life, as the early alchemists who produced it hoped 
it would lie, alcohol ia hostile to life } it is a jwiaoTi. Plant 
life ia speedily destroyed when brought into close contact with 
it. The lower animals are poisoned hy it. When applied 
directly to small insects and reptiles, death commonly occurs 
in a few seconds or minutes. It is hurtful to the lai'ger ani- 
mals, and the more intelligent of them appear to resent its 
nse instinctively. This ia seen when doga Iiave been forced to 
take brandy in small doses for some time. Instead of learn- 
in}{ to like it, they gradually show a greater and greater dis- 
like to it. 

51. The Proper Use of Alcohol. — Like opium, chloral, 
arsenic, and many otiier poisoiis, alcohol may be rightly 
used, and that is as a medicine. For the relief of sickness 
and feebleness o£ body, or conditions of miusual fatigue, 
alcohol can be beneficially used under the advice of a physi- 
cian. Like the other ixrisoua, it should be definitely pre- 
scribed and the size and number o£ the doses precisely ui-dered 
by the ]iliysician. 

62. Errors in the Use at Alcohol. — If this view of the ques- 
tion is the correct one, how utterly foolish is the pimitice i>£ 
those who are coutiuiialiy pieseribiug for themselves doses of 
this poisonous substance for any trifling disturbance of their 

• " Alcohol is not tlie warniijig cordial and invigorating sUoiulant that 
It is reputed to be, but liiere is a world-full of preconceived opiiiloiia in 
its favor tlint must be met nnd overcome before tlie true view can tnaha 
\lz way. But tlie truth must prevail at last. Its true place is not atuug 
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heaUIi. And how much worse is the practice o£ taking th« ' 

ii'ioiis forma of alcohol when the person so taking tliem is in 
good health and merely jndiilgea in drinking for the purpose 
of bringing about a temporary stimiUation, And worse than 
all the others is the practice of those who not only indulge in 
these stimulants themselves, hut who ask others to join in 
■with them under the name of ijood-fiMoiBship, when none of 
them are to he benefited by so doing, V>ut rather all of them J 

a. danger of being injured by the act. 

. This practice, laat referred to, is often mistakenly 
spoken of as ii sign of generosity, and is ordiuai'ily called 
"treating." It is wholly indefensible from a phyaiological 
point of view, being harmful both to body and miud; and 
from a social point of view is without its equal for the evil 
that it has wrought and' is capable of working. The " social 
glass " and the " treat at the bar " count a hundred victims to 
every other single one that can be traeed to any other mistaken 
practice of human society. It is in regard to the evils that 
flow from this false show of generosity and geniality that the 
minda of the young should early be instnicted. It is a well- 
established fact that, in some people, alcohol has the power to 
create a craving for more. Their nervous systems become so 
easily poisoned by its iise that they must have more, and they 

3 not the will-power to resist the temptation. This ten- 
dency to be so easily poisoned is also hei-editary in some fami- 
lies, producing drunkards for several generations. 

54. Moderation Societfei. — "Moderation societies" have been 
organized to check the evils of '■ treating," but they have not 
met with success, and it is not to be expected \h^% they will, 
for there can be no moderation in the use of this dangerous - 
di'ug exeept in the way mentioned at the beginning,' of this sec- 
tion, namely, ajs a presGri1>ed medicine. As Dr. Alden has 

with tlie displays of wealtli and luxury upon our eideboardii, but in the 
nedjcine-cheat along witli liaslieesh, heubune, opium, Gtramonium, and 
D forth, labeled as a Poiso" r' — Z*r, A. F. Kinnc. ' 
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Said, " There ia no such thing as a temperate vise of spirits. 
In any c[iiantity they are an enemy to the hnman constitution. 
Their influence upon the physieal organs is unfavorable to 
health. They produce weakness, not strength; aicknesa, not 
health; death, not life." 

55. Diminished Ubc at Alcohol as Medicine. — Asa medicine, 
alcohol is far less freely used by physicians now than formerly. 
The dangers from its use are more generally recognized, and 
other remedies have been discovered and brought into use that 
are fully as efficient and active, but have not the tendency to 
liabit^fonning that is so pecidiar to alcohol and other narcotics. 
There are able physicians who refuse to employ any form of 
alcohol as stimulant or medicine, in the belief that it can be 
safely and happily replaced by other remedies. In London 
and some other cities, hospitals have recently been organized 
and are now being operated ou the basis of total abstinence 
fi'lJm alcoholic treatment. In many parts of England the use 
of alcohol has greatly declined in the alms-houses and other 
public institutions, iu which formerly the amount of stimu- 
lants annually consumed was very great. 

56. It is well known that alcohol is an ingredient in many 
of the " Bitters " and other so-called patent medicines that 
have come into popular use thiough advertisement in the 
newspapers. Many persons have been deluded into the use of 
these, to them, doubly bitter substances; for, not only have 
they not found the curative results falsely proclaimed in the 
papers, but they have been beguiled into habits of drinking 
and into a liking for alcohol that the "Bitters" soon fail to 
satisfy. 

57. Concerning the Purity of Alcoholic Beverages. — It is well 
known tliat many makers and friends of wines and liquors 
claim that when these articles are pure they are not injurious, 
but that they become hurtful after they leave their place of 
manufacture by reason of the impurities that are added to 
them by unscrupulous dealers. " Pure and good liquor," they 
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say, "does no harm." Is tins correct? It cannot be denied 
that deadly additions have been, and may be, so made that 
these beverages will become more speedily and manifestly 
poisonous than they would otherwise be, but the teaching of 
modern physiology is this; that so long aa the main element 
of danger — that same alcohol from which they get their 
stimulating and seductive properties — is present, the ques- 
tion of purity, or age, or smoothness of tjiste is oue of little 
importance. The "unclean thing," as the Hible calls it, is 
present in all intoxicants, whether they be old and costly, or 
cheap and new and fiery to the taste. {Bead Note 14.) 

58. This so-called " piu-ity " is commonly an accompaniment 
of high cost, especially as applied to wines, and represents 
money or capital tbat lias long been lying idle in order that 
the commodities in question may acquire " age " and smooth- 
ness to the palate. "Purity " is therefore largely the cry of 
the seller, who is anxious to get back liis invested capital, with 
interest, or perhaps with usury, It should be clearly imder- 
Btood that the best of these drinks, even though obtained from 
the vineyards or wine-cellars of princes, are injurious, and that 
the word " purity " is, in the light of science, a misnomer when 
applied to any beverage that contains alcohol. {Bead Note 15.) 

14. Adulteration in Liqnors. — - " It is not enough that alcoholic drioks 
are dangerous when purely made, but there Js au added danger growing 
out of the almost universal practice of the manufaotureiii of these drinks 
to tamper with tbem and adulterate them with other harmful materials. 
Not many months ago the city government of I'aris caused a testing of 
all the wines lliat were brought into the market during a month ; there 
were 1,S1S Bamplea of French wine examined, and only 65 found abso- 
lutely free from injurious addition — that Is, less than 5 per cent, was 
really pure." — iV. 1'. Scieiitiflc Itmei. 

16. Adulteration o( Wine. — The difficulty in the way of getting pure 
wine is nothing new. Pliny, who lived eighteen hundred years ago, wrote 
tbs following complaint : " Let ua suppose that we all agree as to what 
wine is the best, bow shall we get it? Our very princes do not drink 
pure wine ; to such a point has the villainy of the producers and BcUera 
of wine arrived that we can buy nothing mure than the name of a 
vintage — fronv the very wine-vat it Is ail .id altera ted — and bo, marvelloiu 
to tell, we may say of wine, the poorer, the purer." 
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QUESTIONS FOR TOPICAL REVIEW 

1. How !a the necessity lat food shown ? 91 

2. Tu what prw-eHU (if waste auil repair in tlielKiiJycuu8taiitlysuljjecl«d? 91, 92 

3. Mow ill) you ucKouut lot tlie aeusutious ol liuiiger and Lliirsi?, va, H3 

4. What InrtbeFiuia you slate liavii^g relalfuli to Ctia subject V 92 

B. What can yon state lu tegacd tu the quantity uf food rBi|ui(Bd tor 

tlie support of lite ? : 93,M 

6. What oireurnstnui^eB chanue (he needs of persons, oh) and yoaiig, aa 

T^ards food »ud drink 7 93 

7. What becomes of all the food aiid drink we oonsnme? 96 

8. What further can you state in relation to the proctMS of reuovatiuu 

through whiuh the body passes? 90 

9. What can you state of the halilt of iintjons in raspect W diet ? tlG, 9G 

10. What hi relation to tlie selectlou of articles for food? 96 

11. What has been proved as regards animal food f 9S 

12. What as respet:ts the iiecessUy for changinj: or varying Ilio diet? . . ae, 97 

13. Of what importance is milk as au article of toixl ? 97. 98 

U. What are the eonatitnents of milk ? 98 

10. What can you state of t^tpt as an article of food 1. 98 

10. Of the meats, so called, aa in article of fowl 7 98 

IT. What affect dues cold have upon meats? 99 

18. In what other way may beef and pork he preserved ? HH 

19. Whatcanyuustateofaalted meatasfood.andofitst^oiitliiuBduse? 99 
ao. What change does meat undergo in thsonokhig? 99-101 

21. What directious are tclveu for boiling meat? IDD 

22. What for roastiug, aud with what results? 100, lU 

is. Whtttlaa^d about the fryhig ot meats ? 101 

2i. Qlve the Htatement Id relation to trichina 1(U 

2S. State what is aald ill relation to fish l<a 

2& What la stated ol tlie usefnlneas and other properties of Qie prod- 
ucts of the vegetable kingdom ? 101, 102 

27. What further is said of vegetable food ? 101. 103 

2S. Wliy ia bread made of wheat-flour so important as an article of food? 109 
39. State whatever else you can In relaljou to bread 103,103 

30. Give the statement respecthig the potato 103, 1(M 

'" What Is stated of fruits, the use of them, their nutritions qaalltles, 

etc? 10* 

W. Hnwgeneralia the existence of perfectly pare water? 101, lOG 

33. What is stated In relation to driukiugw'ater? 105 

31. What effect has the action of water upon lead 7 lOS, 106 

SJ, What further can you state on the subject 7 100 

3H. What properties has coRee as an article ot diet? 100,107 

37. In what cltcumatance haa coffee boon found pei-ulhirly heiiefirial ?. 107 

38. What comparison is made between coffee, tea, and chocolate? --- lOT, 108 

39. How are the wines, and malt, and other aleohollc beverages pro- 

dnced 7 108, 109 

10. What articles are employed in their production? 109 

It. What are the propurtiev of alcohol? 109 

43. Is alcohol a food ? J09, 110 

43, What ia said of the property of alcohol to relieve thirst 7 110 

44, Wliat effect does aloobol have upon the body's temperature? 110, 111 

45, What is the cause for flushing of face in drinkers 7 1U 

46, What la the testimony of Arctic explorers and others? Ill 

.41. What Is the effect of alcohol upon plant and animal life? TM|| 

the oaly conditions (or use of alcohol? kSBfl 
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The Principal Proceises of Nutrtlioii — The Central Plan of Digeglion 

— Mmticadon — The Teeth — Preseruation of the Teeth — Action nf 
the Saliva — The Stomach and the Gastric Juice — The Moi'ementn of 
the Stomach — Gastric Digestion — The Infentinei ^ The Bile and 
Pancreatic Juice — Intealinnl IHijeslion — Absorjition bij Means if 
Blood-Eessels and Lacteah — The LymphatU: or AOsoriienl System — 
The Lymph — Conditions whieh affect DiijeiUon — The Quality, Quan- 
lilij, and Temperature of the Food— The Influence of Exercise anil 
Sleep— The Kidneys- The Spleen — Effect of Alcohol on Digestion, 
the Liver, and Kidnegs 

1. Nutrition. — The great design of food ia to give mitrimmt 
or nouriahnieiit to the body. But this is not accomplished 
directly, as the food must first pasa through certain preparatory 
changes, as follows r (1), Digestion, by which the food is reduced 
to a. soluble, condition ; (2), Ahmrplion, by which, when digested, 
it ia taken into the blood; (3), Giiruhitimi, which carries the 
enriched blood to the various parta of the system ; and (4), 
Assimilalion, by which each tissue selects from the blood the 
materials necessary for its support. 

"Tbe huinaD budy, uu]ike all oilier miLcbiues, kteps iLsell in rcpiilr 
without any appareul effort, wlien proper food ia taken into tlie body, 
U the tunclions aud couipositiou of food were more cleariy underatood, 
tJiere would be fewer ca^ea of falling health in youth and middle age thEUi 
we now have. There are some perHone who realize liie importance of this 
knowledge, and live 'by rule' to Buch an extent, that they fail to enjoy 
Ibe food wliich ia so bonntlfnlly provided for us. We must gain nil the 
knowledge we possibly can upon the aiibjept, and learn to use it wisely; 
without oeglocting the natural )^ildea with whicli we iiro (;ifted." — E, 
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2. Hy these four steps the sustaining power of food 
ally brought into esereise and tlio vital machinery kept in 
working order, somewhat after the manner of the a team-engine. 
To operate the latter, the force imprisoued within the coal and 
water is set free and converted into motion by the burning 
of the fuel and the vaporization of the water. It will be seen, 
however, when we come to study these operations in the human 
body, that they are conducted sUentty and barmonioualy, with 
marvellous delicacy and completeness, and without that friction, 
and consequent loss of power, which attend the working of. 
the most perfect machinery of man's invention. 

3. Glands. — Situated in all parts of the body are 
organs, called glands, which aid the work of nutrition 
various stages. Each gland consists of many active cells, all 
alike in general structure and function. These cells may be 
compared to the skilled laborers in a large factory. Like 
these, the cells take the "raw material," as it comes to them 
through the blood and lymph, separate it, and excrete on their 
free surface the finished product. This general process is 
called secretion. 

4. The product of the salivary glands is called saliva, that 
of the liver is called bile, that of ihe lachrymal glands is 
called tears, and so on. It is evident that if much material 
is to be secreted by a gland, many working cells are neces- 
sary. In order that many cells may be brouglit into as small 
a space as is possible, they are arranged on the surface of a 
tube or sack. Glands are of two types, tubular and racemose. 
If the general plan of arrangement is that of a tube, either 
simple or compound, the gland is called a tubular gland. 
The perspiratory glands are good examples of this type. If 
the cells are arranged along a surface which swells out at 
its upper end, like a sack, the gland is called sacular or race- 
mose. The sebaceous glands are racemose. Either type may 
be simple or compound. 
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5. General Plan of Digestion. — The great change which food 
undergoes in digestion 13 essentially a refining process, re- 
ducing articles o£ diet, which are at first more or less solid, 
crude, and coiirse, to a liquid and finely conimiDuted condition, 
suitable for absorption into the blood. 
The entire procesa of digestion takes 
place in what is called the " alimen- 
tary canal," a narrow, crooked tube, 
al>out thirty feet in ita entire length. 
This eanal begins in the mouth, ex- 
tends thence downward through the 
gullet to the stomach (a receptacle ia 
which the principal work of digestion 
is performed), and thence onward 
through the small and large intes- 
K^ tinea. 

6. The stomach and intestines are 
situated in the cavity of tlie abdomen 
(Fig. 22, C, and Fig. 28), and occupy 
about two-thirda of its space. The 
action to which the food ia subjected 
in theae organa is of two kinds — 
mechanical and chemical. Ity the 
former it is softened, agitated, aud 

F».i«.-s«no«,.fTn.T»ns«. Carried onward from one jNjint to 
auownio thb oivrtua ok tuc another ; by tho latter it ia changed 
4, ohoM c Abdomen '° form through the solvent power of 

B, tH^)iiiieni D, Hpiui Ouiuinu the various digestive fluids. 

E, Signal Conl 

7. Mastication. — As soon as solid , 
food is taken into the mouth, it undergoes mastication or 
tihewing. It is caught between the opposite surfaces of the 
teeth, and by tbein ia cut and crushed into very amall frag- 
ments. In the movejnents of chewing, the lower jaw plays 
the chief part; the upper jaw, having almost no motion, acts 
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I 

^m simply as a point of resistance, to meet the action of the 
H former. Tliesa movements of tlie lower jaw are of three 
H soi'ts : an up-and-down or cutting, a lateral or grinding, and 
^1 a toaud-fi'g or gnawing motion. 

^1 8. The teetli are composed of a houe-like material called 
^F dmitim'. and are held in place by roots running deep into the 
W jaw. The exposed portion, or 

I .--"''''"'^ * " Prown," IS protected by a thin 

\ / '.t^^K^X '^J^' °^ enamel (Fig. 23, a), the 

'""'" "■ ' liHtdist substance in the Ixtdy, 

cind, like flint, is capable of 
Htiikmg fire with steel. In the 
lutcuoi of eatli tooth iaacavity, 
poutainiug blood-veasela and a 
nerve, which enter it through a 
minute 0|>eniug at thB point of 
the root (Fig. 35). 

9. There are two sets of 

teeth : first, those belonging to 

the earlier years of childhood, 

called the milk teeth, which 

are twenty in number and araall. 

At six or eight years of age, 

when the jaw expands, and 

when the growing body requires 

a more powerful and uiunerous 

set, the roots of the milk teeth 

■e " shed," or fall out, one after 

1 for the permanent set. 

10. There are thirty-two teeth in the permanent set, an 

equal nnmber in each jaw. Each half-jaw has eight teeth, 

similarly shaped and arranged in tlie same order; thus, two 

incisors, one canine, two bicuspids, and three molais. The 

front teelh are small, sharp, and chisel-edged, and are well 

adapted for cutting purposes ; hence their name incisors. !Q|Mi 







are absorbed, and the latter j 
another (Fig. 24), to make roo 
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canines stand next, one on eacli side of the jaw } these receive 
their name from their resemblance to the long, pointed tuaks 
of tlie dog (Pig. 26). 

11. The bicuspids, nest in order, are larger and have a 
broader crown than the former; while behind thein ai'e the 
molars, the largest and most powerful of the entire set. These 
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B' *■ B" The Milk Teeth ; I' to 8", Tlio Ounns of the Permonenl Sat 

large back teeth, or " grinders," present a broad, rough surface, 
Biiitalile for holding and crushing the food. The third molar, 
or " wisdom tooth," is the last to be cut, and does not appear 
until alwut the twenty-first year. The arrangement of tha 
teeth is indicated by the following dental fonnnla: 
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2. By these four steps the sustaining power of food is gradu- 
ally brought iato exercise and the vital machinery kept in 
workiug order, somewhat after the manner of the steam-engine. 
To operate the latter, the force imprisoned within the coal and 
water is set free and converted into motion by the burning 
of the fuel and the vaporization of the water. It will be seen, 
however, when we come to study these operations in the human 
body, that they are conducted silently and harmoniously, with 
marvellous delicacy and completeness, and without that friction, 
and consequent loss of power, which attend the working 
the moat perfect machinery of man's invention. 

3. Glands. — Situat«d in all parts of the body are 
organs, called glands, which aid the work of nutrition in its 
various stages. Each gland consists of many active cells, all 
alike in general structure and function. These cells may be 
compared to the skilled laborers in a large factory. Like 
these, the cells take the " raw material," as it comes to them 
throirgh the blood and lymph, separate it, and excrete on their 
free surface the finished product. This general process ib 
called secretion. 

4. The product of the salivary glands is called saliva, that 
ot the liver is called bile, that of rhe lachrymal glands is 
called tears, and so on. It is evident that if much material 
is to be secreted by a gland, many working cells are neces- 
sary. In order that jnany cells may be brought into as small 
a space as is possible, they ai'e arranged on the surface of a 
tube or sack. Glands are of two types, tubular and racemose. 
If the general plan of arrangement is that of a tube, either 
simple or compound, the gland is called a tubular gland. 
The perspiratory glands are good examples of this type. If 
the cells are arranged along a surface which swells out at 
its upper end, like a sack, the gland is called sacular or race- 
mose. The sebaceous glands are racemose. Either type may 

simple or compound. 
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6. General Plan of Di(reation. — The great change wMch food 
iiudergoes in digestion is essentially a refining process, re- 
diuniig articles of dift, wliieli are at first more or less solid, 
crude, aiid cuarse, to a liquid and finely comminuted condition, 
suitable for absorption into t!ie blood. 
The entire process of digestion taies 
place in what is called the " alimen- 
tary canal," a narrow, crooked tube, 
about thirty feet in its entire length. 
This canal begins in the mouth, ex- 
tends thence downward through the 
gullet to the stomach (a receptacle in 
which the principal work of digestion 
is performed), and thence onwaid 
through the small and lai'ge intes- 
ibc tiues. 

6. The atomach and intestines are 
situated in the cavity of the abdomen 
(Fig. 22, C, and Fig. 2S), and occupy 
about two-thirds of its apace. The 
action to which the food is subjected 
in these organs is of two kinds — 
mechanical and chemical. liy the 
former it is softened, agitated, and 

, carried onward from one point to 
■ another; by the latter it is changed 
in form through the solvent power of 
10 the various digestive fluids, 

7. Mastication. — As soon as solid , 
food is taken into the mouth, it luidergoes mastication or 
chewing. It is caught between the opposite surfaces of the 
teeth, and by them is cut and crushed into very small frag- 
ments. In the movements of chewing, the lower jaw playa 
the chief part; the upper jaw, having almost no motion, acta 
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aimply as a point of resistance, to meet the action of the 
furmer. Tliese luovementa of the Jower jaw are of lliree 
sortti: ail iip-aud-dowii or cutting, a lateral or grinding, and 
a to-anil-fio or gnawiDfj motion, 

i teeth are composed of a bone-like material called 
deidine, and are held in place by roots running deep into the 
jaw. The exposed portion, ov 
" crown," is protected by a thin 
layer of enamel (Fig. 23, a), the 
hardest substance in the body, 
and, like flint, is capable of 
striking fire with steel. In the 
interior of each tooth is a cavity, 
containing blood-vessels and a 
nerve, which enter it throngh a 
minute opening at the point of 
the root (Pig. 25). 

9. There are two sets of 
teeth ; first, tliose belonging to 
the earlier years of childhood, 
called the milk teeth, which 
are twenty in number and small. 
At six or eight years of age, 
when the jaw expands, and 
when the growing body requires 
a more powerful and numerous 
set, the roots of the loilk teeth 
re " shed," or fall out, one after 
n for the permanent set. 
eeth in the permanent set, an 
Each half-jaw has eight teeth, 
similarly shaped and arranged iu the same order; thus, two 
incisors, one canine, two bicuspids, and three molars. The 
front teelh are small, sharp, and chisel-edged, and are well 
adapted for cutting purposes ; hence theii' name incisors. The 




are absorbed, and the latter a 
another (Fig. 24), to make rooi 
10. There are thirty-two 1 
equal number in each jaw. 
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and tear it, in pieties ; while the herhvaora, or vegetable-feeders, 
have hi-oatl. hluiit teeth, with rough crowns, suitable for grind- 
ing the tough grasses aiid grains upon which they feed. 



i W/Tmnt funii. 



Tho imbrunoel 



DIGESTION' 



Human teeth partake of botli forms ; some of them are aharp, 
and others are hhmt ; they are therefore weU adapted fur the 
mastication of butli flesh and vegetahles. Henee we infer 
that, althongh man may live exclusively upon either vegetahla 
or animal food, he should, when possible, choose a diet made 
up of both varieties. 

13. PrcBervation of the Teeth. — In order that the teeth shall 
remain in a sound and serviceable condition, some care is of 
course refiuisite. In the first place, they require frequent 
cleansing; for every time we take food, some particles of it 
remain in the mouth, and these, on account of the heat and 
moisture present, soon begin to putrefy. This not only ren- 
ders the breath very offensive, but promotes decay of the teeth. 

14. The saliva, or moisture of the mouth, undergoes a, 
putrefactive change, and becomes the fertile soil in which a 
certain minute fiuigua has its growth. This fluid, too, if 
allowed to dry in the mtinth, collects upon the teeth in the 
form of an unsightly, yellow concretion, called tartar. To 
prevent this formation, and to remove other offensive sub- 
stances, the teeth shoidd be frecjuently cleaned with water, 
applied by means of a soft tooth-brush- The prevention of 
the tai'tar fungus is best effected by the use of a weak solution 
of carbolic acid, (ifead jVo(e 1.) 

L. The Proper Care of the Teetb. — " Ii [a an [uportant question how 
:are for lliB molars. To this end the cardinal maxim is cleanliness ; 
and agaJQ cleanlioesfl. One means of cleansing is the natural one — that 
I, by chewing food ; for it is well known that if we have a tooth ao situ- 
ated in the jaw that it is seldom brought Into use, that tooth early shows 
IS of decay. But more efiectiia! ia Uio artificial means — the brush. 
Children should early be taught to use this ; and for them a softer brush 
should be selected than tor adults. They should also early be taught to 
no metallic substaiicts, as pins, needles, etc., to remove substances 
from betweeu the teeth. The teeth should always be thoroughly cleansed 
after taking acids into the mouth ~~ for they are the great eneuiie« to the 
teeth-' and also after candies and other forma of sugar, for their particles 
that linger on the teeth are changed by decomposition into lactic acid. 
Occasional esaminatioii of the teeth is prudent, in order that a com- 
mencing cavity may be promptly detected and remedied. Teeth that are 
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16 FOOD AND DRINE 

QUESTIONS FOR TOPICAL REVIEW 

I. How is the nenessitj (or lood Bliown? 91 

!. Tuwliatpr(Ki:iiHuf waste mid reiiairistlieboily (.iiiialautly sutijected? Ut, 93 

1, Hiiwduyoiiai^foimtlorUiOBeuaaliousut hiiuj-er aiid tiiirat? l«, SB 

I. What fuitberuuu you state liaviug relatiuti U> the siibjett? Ui 

i. What call yua state in cegard lu the qiuuimy of (ood required (or 

theaupportof life? ; 93,94 

i. What circumstances drangB the iieeda of pecsous, old aiid yoniig, an 

r^ania fnnit and drink 7 93 

'. Wliftt becomes of aii the food and driuk wacunauniB? UB 

\. Wliat furtlier can you state in relation Co tlie procudH of reuuvation 

t1iroui;h nlik'b the iHidy passes? SB 

I. What pan yon stale of the habit of nations iii respect |o diet ? •X.ie 

I. Whnt hi retutloii to the selection ot articies tor food ? W 

, What has been proved as regards animal food ?■ ,. HB 

I. What as reapecU the neeesBity tor changing or Vftcyliqf the diet? , . 96, 9T 

I. Of what importance is milk aa an article of (ood? »7, W 

:, What are the constitnoiila of milk 7 BS 

I. What can you state of DKRS as an article of food? 98 

1. Ur the meats, so called , as in article of food ? »a 

. What effect dues cold havo upim meats? 99 

'■. In wbnt nOier way may \ieef and pork In presarvcii 7 99 

I. What can you state of salted meataafood.anrtof ItaconUooednae? 99 

>. What tdiange does meat undergo In the coaktaig? 99-101 

. What directions are given fur boiling meat? , 100 

1. What for roasting, and with wiiat reaulta ? 100, 101 

:. What is aajd about the fryiug ot meats?- 101 

. Give the statement in relation to trichina 101 

'. State what is said iti relatiou to fiah 101 

: What is Ktated of the nsefnlness and other propardes of the prod- 

nets of tlie vegetable khiBduni? 

. What further is said of vegetable food? 

.. Why ia hread niadaol wheat-flour bo important as an article of fowl? 

I. State whatever else you can in rchitJou to bread 

I. Give the statement respecting the potato ■ 103, 1 

, What Is stated of fruits, the nae of them, their nntritions qnaiities, 



t. How general is the existence of perfectly pnre water? 

I. What is stated hi rohitiou to ddnkhig water? 

I. What effect has theactluu of water npon lead? lOG, 

i. What fnMher can yoa state on the subject? 

I. What properties has coffee as an article ot diet? 

'. In what circumstnnce has coffee bean fiiand peculiarly beneflcii 
I. Whatcomparison is made between colTee, tea, and cliooolate? ... 107, 
I. How are the wines, and malt, and other alouhoiic beverages pro- 
duced 7 108, 

I. What nrticles are employed in their production? 

.. What are the properties of alcohol? 

I. Is alcohol a food 7 

I. Wliat Is said of the property of alcohol to relieve thirst 7 

[. What effect does alcohol have upon the 1}ndy'B temperature? 

i. What ia the cauHB (or flushing of face in drinkers? 

i. Wliat is the testimony of Arctic CKplorera and others? 

■. IW/al is file effect ot alcohol upon plant and animal life? 

mimtare CAeon/y coiiditions for nseot aAwliol'? 
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The Principal Processes of Nutrition — The General Plan of Digestinn 

— Afaslieation — The Teeth — Preseroalion nf the Teeth — Action of 
tie Sativa — The Stomach and the GaMric Juice — The MiiPemtntt of 
the Slomach — Gastric Digestion — The Inieaines — The Bile and 
Pancreatic Juice — Intestinal Digestion — Absorption by Means of 
Bloml-easels and Lacteals — The Lj/mphulli: or AbKorbent System — 
The Lymph — Conditions iMch affevl Diijestion — The QwiUtg, Quan- 
tity, and Temperature of the Foml — The Influence of Ererclse and 
Sleep — The Kvlnegs — The Spleen — Effect of Alcohol ou Digestion, 
the Lieer, and Kidneys 

1. Nutrition. — The great design (if food is to give niilrimmt 
or nouriahnieiit to the body. But this is not aucompliahtid 
directly, as the food must first pass throiigh certain preparatory 
changes, as follows : (1), Diije^ton, by which the food is reduced 
to a soluble, condition ; (2), Absorpfiou, by which, when digested, 
it is taken into the blood ; (3), Cfivuhtiou, which ca.iTies the 
enriched blood to the various parts of the system; and (4), 
Axsimilation, by which each tissue selects from, the blood the 
materials necessary for its support. 

" TliB humim body, uulike all oilier iiinchiiieH, kui'iw itself in ri-pair 
without any appareot eSort, wtien proper food is lakeii liitu tlie body. 
If tliv fuiictions and compaBlUou ul food were more clearly uiideretood, 
there would be fewer uasea oE failing heuttli iu youtli and middle age Lbaii 
we now have. There are some peniana who realize the importance of tlilB 
knowledge, and live ' by rule ' to such an extent, that Ihey fail to enjoy 
the food which is so bountifully provided for ua. We nmat gain all Iha 
knowledge we posaihly can upon the subject, and learn W use it wisely ; 
without neglecting the natural giiidcfi with which wa are gifted." — £. 
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By these four steps the sustaining power of food is gradi 
ally brought into exercise and the vital machinery kept in 
working order, somewhat after the manner of the steam-engine. 
To operate the latter, the force imprisoned within the coal and 
water is set free and converted into motion hy the burning 
of the fuel and the vaporization of the water. It will be seeU; 
however, when we come to study these operations hi the human 
body, that they are conducted silently and harmoniously, 

velloua delicacy aud completeness, and without that friction, 
and consequent loss of power, which attend the working ot, 
the most perfect machinery of man's invention. 

3. Glands. — Situated in all parts of the body are e 
organs, called glands, which aid the work of nutrition in its'* 
various stages. Each gland consists of many active cells, all 
alike in general structure aud function. These cells may be 
compared to the skilled laborers in a large factory. Like 
these, the cells take the " raw material," as it comes to them 
through the blood and lymph, separate it, and excrete on their 
free surface the finished product. This general process is 
called secretion. 

4. The product of the salivary glands is called saliva, that 
of the liver is called bile, that of ihe lachrymal glands is 
called tears, and so on. It is evident that if much material 
is to be secreted by a gland, many working cells are neces- 
sary, In order that many cells may be brought into as small 
a space as is possible, they are arranged on the surface of a 
tube or sack. Glands are of two types, tulndar and racemose. 
If the genera! plan of arrangement is that of a tube, either 
simple or compound, the gland is called a tubular gland, 
The perspiratory glands are good examples of this type. If 
the cells are arranged along a surface which swells out at 
its upper end, like a sack, the gland is called sacular or race- 
mose. The sebaceous glands are racemose. Either type may 
be simple or compound. 
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fi. General Plan of Digestion. — The great change which food 
iindergoea iu digestion is essentially a refining proceas, re- 
ducing articles of diet, which are at first more or less solid, 
crude, and coarse, to a liquid and finely comminuted condition, 
suitable for abaorption into the blood. 
The entire process of digestion takes 
place in what is cabled the " alimen- 
tary canal," a narrow, crooked tube, 
about thirty feet in its entire length. 
This canal begins in the mouth, ex- 
tends thence downward through the 
gullet to the stonia<;li (a, receptacle in 
which the principal work of digestion 
is performed), and thence onward 
through the small and large intes- 
[ tinea. 

6. The 8toma<ih and intestines are 
situated in the cavity of the abdomen 
(Fig. 22, C, and Fig. 28), and occupy 
about two-thirds of its apace. The 
action to which the food is subjected 
in these organs is of two kuids — 
mechanical and chemical. By the 
former it ia aoftened, agitated, and 

( carried onward from one point to 
™ another ; by the latter it is changed 
in form tlirough the solyent power of 
IB the various digestive fluids. 

7. Mastication. ^Aa soon as solid , 
food is taken into the mouth, it undergoes mastication or 
eliewing. It is caught between the opposite surfaces of the 
teeth, and by them is cut and crushed into very small frag- 
In the movements of chewing, the lower jaw playa 

the chief part; the upper jaw, having almost no motion, acts 

Vr'iaoiA gf dl^adub ! Otucrlbc tbe allTnentory cbdaI, 
UoD. llowmiuy and 4i\uil.iiuisitiUBm»T^ ^_ 
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^B simply as a point of resistance, to meet the action of the 
H former. Tliese movemeuta of the "lower jaw are of three 
^1 Bui'ta: ari up-aud-dowii or cuttiug, a lateral or griuding, and 
^1 a to-and-fro or guawing motion. 

^M 8. The teeth ai-e cumpoBed of a bone-like material called 
^w dentine, and are held in place by roots lunning deep into the 
^H jaw. The exposed portion, or 

^H ^Hjiafch-* " crown," is protected by a thin 

^V ^^B^fej^rijflHi^ra layer of enamel (Fig. 23, n), the 
hardest substance in the body, 
and, like fiint, is capable of 
striking fire witli steel. In the 
interior of each tooth is a cavity, 
containing blood-vessels and a 
nerve, which enter it through a 
minute opening at the point of 
the root (Fig. 25). 

9. There are two sets of 

teeth: first, those belonging to 

the earlier years of childhood, 

called the milk teeth, which 

are twenty in number and small. 

At six or eight years of age, 

when the jaw expands, and 

when the growing body requires 

a more powerful and numerous 

set, the roots of the milk teeth 

re " ahed," or fall out, one after 

01 for the permanent set 

10. There are thirty-two teeth in the permanent set, an 

equal number in each jaw. Each half-jaw has eight teeth, 

similarly shajied and arranged iu the same order; thus, two 

incisors, one canine, two bicuspids, and three molai'S. The 

front teeth are small, sharp, and chisel-edged, and are well 

adapted for cutting purposes ; hence their name incisors. The 




are absorbed, and the latter ( 
another (Fig. 24), to make r 




ns of Uio Pomuuient Sot 

large bade teeth, or " grinders," present a broad, rough surface, 
suitable for holding and crushing the food. The third molar, 
or " wisdom tooth," is the last to be cut, and does not ai)pear 
until about the twenty-first year. The arrangement of the 
teeth is indicated by the following dental formula; 
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12. It IB interesting, at tliis puint, to notice the different 
forms of teeth m diffprent ininials, and observB how admirably 
their tet?th are suited to the resijprtive kinds of food upon, 
which they feed. In the camtioia, or flpfh feeders, the teet 
are sharp and pomted, enabling them both to seize their pre 




and tear it in pieces ; while the herbivora, or vegetable-feedei 
have broad, blunt teeth, with rough crowns, suitable for grind- 
ing the tough grasses and grains npon wliich they feed. 
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Human teeth partake of both ibrms ; some of them are sharp, 
and otbera ai'e blunt; tliey are therefore well adapted for the 
mastication of botli flesh ami vegetables. Hence we infer 
that, although man may live exelasively upon either vegetable 
or animal food, he should, when possible, choose a diet made 
up of both varietiea. 

13. Preservation of the Teeth. — In order that the teeth shall 
a soimil and serviceable condition, some care is ot 

course requisite. In the first place, they reijuire frequent 
for every time we take food, some' particles of it 
remain in the mouth, and these, on accoimt of the heat and 
moisture present, soon begin to putrefy. This not only ren- 
ders the breath very offensive, but promotes decay of the teeth. 

14. The saliva, or moisture of the moutli, undergoes a 
putrefactive change, and becomes the fertile soil in which a 
certain miniite fungus has its growth. This fluid, too, if 
allowed to diy in the mqutli, collects upon the teeth in the 
form of an unsightly, yellow concretion, called tartar. To 
prevent this formation, and to remove other offensive sub- 
stances, the teeth should be frequently cleaned with water, 
applied by means of a soft tooth-brush. The prevention of 
the tartar fimgus is best effected by the use of a weak solution 
of carbolic acid. (^Read Note I.) 



The Proper Care of the Teeth. — " It ia an important question how 
re for the molars. To this end the cardinal maxim is cleanliness ; 
and again cleaulineaH. One means of cleaueing is the natural one — that 
Is, by chanlog food ; for it is well known that if wo have a looth so situ- 
ated in the jaw that it is seldonj brought into use, tliat tooth early shows 
of decay. But more effectual is the artificial means — the brush. 
Children should early be taught to use this ; and for them a softer brush 
nbould be selected than for adults. They should also early be taught to 
10 metallic substances, as pins, needles, etc., to remove substances 
from between the teeth. Ttie teeth should always be thoroughly aleansed 
after takiog acids into the mouth — for they are the great enemies to the 
teeth — and also after candies and other forms of sugar, for their particles 
that linger on the teeth are changed by decomposition Into lactic acid. 
Occasional examLuation of the teeth is prudent, in order that a com- 
mencing cavity may he promptly detected and remedied. TeotU that are 

OMaUigafteuiliI EfTeots •>[ nut el«i»lni{ ? 
JBfatootthBiaUnt FormitloD of tutiu T Uon fiBienWLl 'Ocm &Bt<ucoi>A.^ . 
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12. It is interesting, at this point, to notice the different 
forms of teeth in different animals, and observe how admirably 
their teeth are suited to the respective kinds of food upon 
which they feed. In the camivora, or flesh-feeders, the teeth 
are sharp and pointed, enabling them both to seize their prey 




and tear it in jiieces ; while the herhivora, or vegetable-feeders, 
have broad, bhint teeth, with rough crowns, suitable for grind- 
ing the tough grasses and grains upon which they feed. 



mi'oniisurieeUiI Uuu 



I IbBlatmiMel 



DIGESTIOS- 123 

Human teeth partake of botli forms ; some of them are sharp, 
and others are bliuit; they are therefore well adapted for the 
mastication of both flesh and vegetables. Hence we infer 
that, although man may live exclusively upon either vegetable 
r auijnal food, he should, when possible, choose a diet made 
up of both varieties. 

13. Preservation (rf the Teeth. — In order that the teeth shall 
remain in a sound and serviceable condition, some care is of 
course requisite. In tlie first place, they require frequent 
cleansing; for every time we take food, some particles of it 
remain in the mouth, and these, on account of the lieat and 
moisture present, soon begin to putrefy. This not oidy ren- 
ders the breath very offensive, but promotes decay of the teeth. 

14. The saliva, or moisture of the mouth, undergoes a 
putrefactive change, and becomes the fertile soil in which a 
certain minute fungus has its growth- This fluid, too, if 
allowed to dry in the mqnth, collects upon the teeth in the 
form of an unsightly, yellow concretion, called tartar. To 
prevent this formation, and to remove other offensive aub- 
stances, the teetb should be frequently cleaned with water, 
applied by means of a soft tooth-brush. The prevention of 
the tartar fungus is best effected by the use of a weak solution 
of carbolic acid. (_llead Note 1.) 

1. The Proper Care of the Teetb. — " It is an important question how 
to care for the molara. To Ihia end the cardinal maxim is cleanliness; 
and again claanlinesa. ( Ine means of cleansing is the italural one — lliat 
U, by chewiug food ; for il; is well known that if wa have a tootii so situ- 
ated in the jaw that it Is seldom brought into use, that tooth early sbows 
signs of decay. But more effectual is the arfificial means — the brush. 
Children should early be taught to use this ; and for them a softer brush 
Bboutd be Belected than for adults. They should also early be taught to 
use no metallic substances, as pins, needles, etc., lo remove substances 
(ram between the teeth. The teeth should alnays be thoroughly cleansed 
after taking acids into the month — for they are the great enemies to the 
teeth — and also after candles anil other forma of BU)^r, for their particles 
that linger on the teeth are changed by decomposition intfl lactic acid. 
Occasional examination of the teeth is prudent, in order that a com- 
menoing cavity may be promptly detected and remedied. Teeth that are 

lUUtBr FQrtn»tloii of tartar I llo« ptcjenluOil TSo-B &aa\nj^»fti.> 
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15. It sho Id be bome n n ud that the enamel Natui 
protection for the teeth when once destroyed a ne er fo ned 
anew ; and the body of tl e t oth thns exposed s 1 able to rap d 
decay. th a accou t certa u art clea are to be gua ded 
against; sucl as si arply ac d substances that corrjde the 
enamel, an I ha d s bstan es that break or scrat h t — as 
gritty tooth powde s netal tooth p cks an 1 the shells of 1 ard 
nuts. Sudden alte at ons f om heat to old when eating or 
drinkilig also ten i to c ack tl e enamel 

16. Action of the Saliva — W h le the morsel of food set 
and groun 1 1 y the teetl t 3 at tl e same t me ut nately 

m X d w tl the sal va or 
fl ds f the mo th Jh s 
I c nst tutestl e second step 
f 1 gest o and s call 1 
nsal at on lie sal va, 
the fi at of the d gest e 
ol ent s 1 olorles 
Fate J and frothy fluid 
It s secreted ( sepa 
rate 1 f o the blood) 
pa tly by the n ucous 
_ membrane which lines the 

mouth, but chiefly by the 
salivary glands situated near the mouth. 

17. Tiie parotid glands lie below and in front of the ear. 
Mumps is an inflammation of these glands. Each opens by a 
duct into the mouth near the second upper molar tooth. The 
subma^Uanj glunih are situated near the angles of the lower 
jqw, at the base of the tongue. They have a single duct which 
opens into the mouth beneath the tongue. The suUinffuat 
glands are the smallest of the three pairs, and lie just bei 
the forward end of the tongue. They open into the floor 
Uie mouth by several duets. 

decayed beyond Ihe remedy by tilling sliouid bo immediately n 
~La7ie on the Hygiene nf the Tefth. 

IB, Ctnefeaunel} Ifl. WlutUHllvit IT, Name (bur kinds oTgluidi. 
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18. These glands conaist of clusters of very small pouches, 
around wbicli a tlelicale iintwork of blood-veasels is arranged; 
they einjity iiitx) tlie mouth liy means of little tubes, or ducts. 
The flow from these glands is generally sufficient to maintain 
a soft and moist condition of the tongue and mouth; but when 
they are excited by the pres- 
ence and taste of food, they 
])our forth tlie saliva more 
freely. Even the mere tliought 
,"' of food will at times cause the 
saliva to flow, as when the ap- 
lH?tite is stimulated by the 
niglit or smell of some savory 
article; so that the comnou 
expression is correct that '■ the 
mouth waters " for the favorite 
( articles of food. Anxiety and 
* grief prevent its flow, and 
cause " the tongue to cleave to 
the roof of the mouth." In the horse, and other animals that 
feed upon dry and coarse fodder, and require an abundant 
supply of saliva, we fiud large salivary glands, as well as 
powerful muscles of mastication. 

19. The mingling of the saliva with the food seems a simple 
process, but it is one that plays an important part in digestion. 
In the first place, it facilitates the motions of mastication, by 
moistening the food and lubricating the various organs of the 
mouth. Secondly, it prepares the way for other digestive 
acts : by the action of the teeth, the saliva is forced into the 
solid food, softeus the harder substances, and assists in con- 
verting the whole morsel into a semi-solid, pulpy mass, that 
can be easily swallowed, and readily acted upon by other 
digestive fluids. The saliva, also, by dissolving certain sub- 
a sugar and salt, develops the peculiar taste of each ; 
whereas, if the tongue be dried and coated, they are taste- 
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2, By these four steps the sustaining power of food is gradu- 
ally brought into exercise and the vital machinery kept in 
working order, somewhat after the manner of the steam-engine. 
To operate the latter, the force imprisoned within the coal and 
water is set free aud converted into motion by the burning' 
of the fuel aud the vaporization of the water. It will be seen,: 
however, when we come to study these operations in the human 
body, that they are conducted silently aud harmoniously, with 
marvellous delicacy and completeness, and without that friction, 
and consequent loss of power, which attend the working of, 
the most perfect machinery of man's invention. 

Glands. — Situated in all parts of the body are certaj 
organs, called glands, which aid the work of nutrition in its 
various stages. Each gland consists of many active cells, all 
alike in general structure aud function. These cells may be 
ipajed to the skilled laborers in a large factory. Like 
these, the cells take the " raw material," as it comes to them 
through the blood and lymph, separate it, aud excret« on their 
free surface the finished product. This general process 
called secretion. 

4. The product of the salivary glands is calleil saliva, that 
of the liver is called bile, that of ihe lachrymal glands is 
called tears, and so on. It is evident that if much material 
is to be secreted by a gland, many working cells are neces- 
sary. In order that many cells may be brought into as small 
a space as is possible, they are arranged on the surface of a 
tube or sack. Glands are of two types, tubujur and racemose. 
If the general plan of arrangement is that of a tube, either 
simple or compound, the gland is called a tubular gland. 
The perspiratory glands are good examples of this type. If 
the cells are arranged along a surface which swells out at 
its upper end, like a sack, the gland is called sacular or race- 
mose. The sebaceous glands are racemose. Either type may 
be simple or compound. 

t. SunUlnlngrioviernffiHHl? Slmllenf the ppglno! OpaMUon Lu tUo buiimn bodyf 
B. PwofirtaBdil Comtltution T WhiHI. tlw priKwH nf mcioIIoo • 
' i. VM lithe pnidaet of lhaulliaryBliiHlinUedf OtttaeUyarr Of the 
gJaadnf Jftunc lie IiiD Ij'/ics p/g-JuMlB. 
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, General Flan of Digestion.^ The great change whirh food 
mi<lerf;oes in digestion is essentially a refinmi; jiroie'!'^, le 
(liuiu),' ai'ticles of diet, wliit'h are at first niuie or k','! solnl, 
crude, and toai'so, to a liq^uid and finely comminuted condition, 
suitable for absorption into the blood. 
The entire process of digestion takes 
place in what is called the ''alimen- 
taiy canal," a narrow, crooked tube, 
ahont thirty feet in its entire length. 
This canal begins in the mouth, ex- 
tends thence downward through the 
gnllet to the stomach {a receptacle in 
whiuh the principal work of digestion 
is performed), and thenue onward 
through the small and large intes- 
; tinea. 

6. The stomach and intestines are 
situated in the cavity of the abdomen 
(Fig. 22, C, and Pig. 28), and occupy 
about two-thirds of its space. The 
action to which the food is subjected 
in these organs is of two kinds — 
mechanical and chemical. By the 
former it is softened, agitated, and 

,^^ carried onward from one point to 
"^ another ; by the latter it is changed 
in form tlirough the solvent power of 
B, oispiit^^ u.spiimicuiiuuii the various digestive fluids. 

7. Mastication. — As soon as solid , 
food is taken into the mouth, it undergoes mastication or 
chewing. It is caught between the opposite surfaces of the 
teeth, and by them is cut and crushed into very small frag- 
In the movements of chewing, the lower jaw plays 

the chief part; the upper jaw, having almost no motion, acts 
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simply as a point of resistance, to meet the aetion of the 
former. These movements of the lower jaw are of three 
Boi-ts: ari up-aiid-down or cutting, a lateral or griuding, and 
o-and-fro or guawing motion. 

I, The teeth are compoBed of a bone-like material called 
\ dentine, anil are held in place by roots running deep into the 
jaw. The exposed portion, or 
" crown," is protected by a thin 
layer of enamel (Fig. 23, a), the 
hardest substance in the body, 
and, like flint, is capable of 
striking fire with steel. In the 
interior of each tooth is a cavity, 
containing blood-vessels and a 
nerve, which enter it through a 
minute opening at the point of 
the root (Fig. 25). 

9. There are two sets of 
teeth : first, those belonging to 
the earlier years of childhood, 
called the milk teeth, wMeh 
are twenty in number and small. 
At six or eight years of age, 
when the jaw expands, and 
when the growing body requires 
a more powerful and numerous 
set, the roots of the milk teeth 
are absorbed, and the latter are " shed," or fall out, one after 
another (Fig. 24), to make room for the permanent set. 

10. There are thirty-two teeth in the permanent aet, an 
equal number hi each jaw, F.ach half-jaw has eight teeth, 
similarly shaped and arranged in the same order; thus, two 
incisors, one canine, two bicuspids, and three molars. The 
front teeth are small, sharp, and chisel-edged, and are well 
adaptt^d for cutting purposes ; hence their name incisors, 

i, CoiniioMtlaaartheteetbr Kniuiid uf llie leethT InUriin' of Bb( MMht 
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18. It IS intereatmg, at this point, to notice the differ 

forms of teeth m different anunala, and ol)ser\e how admirab^ 

their teetli are suited to the respective kinds of fowl upott^l 

' which they feed. In the <M.mii,o}a, or fleah feeders, the teeth 

are sharp and pointed, enabling them both to seize their prey 




and tear it in pieces ; while the herbivora, or vegetahle-feedi 
have broiid, blunt teeth, with rough crowns, suitable for g ' 
■ing the tough grasses and graina npon which tliey £m 
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HumaE teeth partake nf both foi'ms ; aome of them are shaip, 
and others ai-e blunt ; they are therefore well adajited fur the 
mastieation of both flesh and vegetables. Henee we infer 
that, although man may live exclusively upon either vegetable 
or animal food, he should, when possible, choose a diet made 
up of both varieties. 

13. Preaervfltion of the Teeth. — In order that the teeth shall 
remain in a sound and serviceable (condition, aome caie is of 
course retjuisite. In the first placcj they require frequent 
cleansing; for every time we take food, some particles of it 
remain in the mouth, and these, on account of the heat and 
moisture present, soon begin to putrefy. This not only ren- 
ders the breath very offensive, but promotes decay of the teeth. 

14. The saliva, or moisture of the month, undergoes a 
putrefactive change, and becomea the fertile soil in which a 
certain minute fungus has its growth. This fluid, too, if 
allowed to dry in the month, collects upon the teeth in the 
form of an nnsightly, yellow concretion, called tartar. To 
prevent this formation, and to remove other offensive sub- 
stances, the teeth should be frequently cleaned with water, 
applied by meiins of a soft tooth-brush. The prevention of 
the tartar fungus is best effected by the use of a weak solution 
of carbolic acid. (ReaJ Note 1.) 

1. The Proper Care of the Teetli.^" It is an importanl question how 
to care for the inolaj^. To this end tbe cardinal maxim is cleanliness; 
and again cleanliness. One means oi cleansing is the itatural one — that 
is, by chewing food ; for it Is well known that if wo have a tooth so situ- 
ated !n the jaw that it is seldom brought into use, that tooth early shows 
signs of decay. But more effectual is the artificial means — the brush. 
Children should early be taught to use this ; and for them a softer brash 
should be selected than for adults. They should also early be taught to 
use no metallic GubstanceB, as pins, needles, etc., to remove substances 
from between tbe teeth. The teeth should always be thoroughly cleansed 
after taking acids into the mouth — for they are the great enemies to tbe 
teeth — and also after candies and other forms of sngar, for their particles 
that linger on the teeth are changed by decomposition into lactic acid. 
Occasional examination of the teeth is prudent, in order that a ci)m- 
mencing cavity may be promptly detected and remedied. Tas^^ix tinjA. asa 

now piBiBmjB&i "Btrw aM.wws'*-^ 
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, Oastrlc Digestion. — Wliat portions of the ! 

I ill tlie stomach? It was foimeilj thomjht thit all 
the great ehan^a of digestion weie wrought heie, but liter 
investiyatioii lias taught ua bettei A\ e now know that tha 
first change in digestion takes place m the mouth, hy the partial 
conversion of starch into sugar. We also know that, of the 
three organic food principles (considered in Chap. IV.) two 
—the fata and the sugars — are but slightly affected by the 
BtomacJi; but that its action is confined to tliat third and very 
important class from which the flesh is formed, the aJbuuiiiioids. 
A few articles need no preparation, before entering the system, 
83 water, salt, and fi-uitrsugar. These ai'e rapidly taken up 
by the blooil-vessels of the stomach, which everywhere underlie 
' its mucous membrane in an intricate and most delicate network, 
" In this way the function of absorption begins. 



j^mn the Btomach of Alexia St. Martin, It will aarprise many to find that 
Teftelable foniis — they areplficeii in tie latter part of the table ^require 
BO long a time for their digeaiion." 
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33. The aJbuminoid substances are speedily attacked ajid 
digested by the gastric juice. 'From whatever source they are 
derived, vegetable or animal, they are all transformed into the 
same digestive product, called peptone. This is very soluble 
in water, and is in part absorbed by the blood-vessels of tlie 
stomach. After a longer or shorter time, varying from one to 
five hours, according to the individual and the quantity and 
quality of his food, the stomaeh will be found empty. Not 
only the imabxorbed digested food, but also those substances 
which the stomach could not digest, have passed little by little 
through the pylorus, to undergo further action in the intestines. 
At the time of its exit the digested food is of a pulpy con- 
sistence, and dark color, and is then known as the diyme. 
(fiead Notes 5 and 6.) 

5. Indigestible Matters. — "Children BomeCimeB swallow r' 
tons, etc., and ho cause p'uat alarm. There is little real ground for appre- 
hension under these circumatanCGH, anlesB the coins are bronze. It tbe 
latter, there ia some cause for fear that copper poiaotiiiig will ensue, aud 
the ready passage of liie coin ia desirable. This is best effected by meals 
of figs or pudding, in whicb tbe coins are imbedded, and so passed liann- 
lesfily. As to bulk, whatever will go into tlie stomach will pass tha 
various straits and emerge again." — FutheTgill. 

6. Bsperiment. Gastric Juice. — The action of tlie gastric juice upon 
tbe albuminoids can be readily demonstrated outsido of the body. For 
this it Is necessary to prepare a solution ol pepsin and a solution of hydro- 
chloric acid. The first of these may be made in one of two ways. The 
simplest of these la to obtain some pure pepsin from tlie druggist, and 
dissolve of this thirty grains In four ounces of pure glycerin ; the other, 
but more complicated way, is to obtain a pig's stJimach, dissect off the 
mooons membrane, ininco finely and odd six ounces .of glycerin, set aside 
for a week and strain through muslin. The solution of hydrochloric acid' 
should he of the strongth of two parts per tliousand, which would be 
about two or three drops of the strong ncld to four ounces of water. 

Uemonstrate that neither the solution of pepsin nor tbe hydrochloric 
acid alone have the power to digest albuminoids. 
Prepare three test-tabes as follows : 

1. Into one put about a teospoonful of the pepsin solution, and add a 
small piece ol the whil« of a hacd-boiied egg. 

2. Into the second tesirtube put a teaspoonfui of tlie dilute liydro- 
chlorio acid, aud add again a small piece of the white of the egK. 

3. the third test-tube fill half with the solution of acid, add ha.ll%\iea.- 
qnonful of tbe pepsin solution, and a<^iu aetuaU^iecaol^^c^^^ 

88. .AJbuialuosc f The priKea&l Cbimal 
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34. The Intestines. — The intestines are continuous with the 
stomafih, and consist of a fleshy tube, or canal, twenty-five feet 
in length. The small intestine, whose diameter is about one 
inch anil a half, is twenty feet long, and very winding, 
large intestine is much widet than the former, and five f 
long (I'ig. 29). The general structure of these organs resembl 
that of the stomach. Like it, they are provided with a m 
membrane, or inner lining, whence flow their digestive juices; ' 
and, just outside of this, a inusctdar coat, which propels t 
food onward from one point to another. 

35. Moreover, both the intestines and stomach are envelope^! 
in the folds of the same outer tunic or membrane, called the 
peritoiieuvi. This is so smooth and so well lubricated, that 
the intestines have the utmost freedoui of motion within 
the abdomen. In the small intestines the work of digestion ia 
completed, the large intestine receiving from them the indir _ 
gestible residue of the food, and in time expelling it from ti 
body. 

36. Intestinal Digestion. — As soon as the food passes thftf 
pylorus and begins to ai-cumulate in the upper pai't of the! 
intestines, it excites the flow of a new digestive fluid, whiohi J 
enters through a small tube, or duel, about three inches belof^ 
the stomach. It is formed by the union of two distinct flui 
— the bile and the pancreaiic juice. The bile is secreted by tl 
cells of the liver, the largest gland of the body, situated on 
the right side and upper part of the abdomen (Fig. 28). The 
bile is constantly formed, but it flows most rapidly during 
digestion. During the intervals of digestion it is stored in thQ 

a small membranous bag attached to the iindi 
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Now Bet these three tubes aside in a warm place tor a few ii 
until the following day, when you will be able to demonstrate Oiat in 
first two no change has taken place, while the white of egg in 
lua been entirely dissolved. 
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side of the liver. This fluid is of a greenish-yellow color, hav- 
ing a peculiar smell, and a very bitter taste ; its exact part in 
the prooeaa of digestion is not known. That it is an impor- 
tant one, cannot be doubted. For if its proper flow into the 
intestinal canal is interfered with, or stopped, serious illness 
is the result. Its chief function seems to be to aid iu the 
digestion of fats, by emulsifying them ; it also acts as a disin- 
fectant of the intestinal tract, increases the muscular contrac- 
tions of the intestines, and aids in a general way, in the 
absorption of the products of digestion, (ifearf Note 7.) 

37, The pancreatic juice is the product of a gland called the 
pawireas, situated behind the stomach. This fluid is colorless, 
watery, alkaline, and without odor. Like the digestive juices 
previously described, it owes its solv nt p w to 'ta peculiar 
ferments. The most important of th f ut ailed pan- 
crvatin, transforms starch into sugar. Vn th t ypsin, causes 
the solution of undissolved albuminoid ub tan ud a third 
ferment, which has not received a nai a a p tial acidi- 
fication of the fats. By the joint act n E th fluids, the 
food is prepared for absorption. There results from this action 
of the pancreatic juice a white and milky fluid, termed the 
cliyle, which holds in solution the digestible portions of the 
food, and is spread over the extensive absorbent surface of 
the small intestines. {Read Note 8.) 

38. The raucous membrane of the intestines, also, secretes 

7- Experiment. Bile. — TTib chief timotion of the bile in tbe iliges- 
tjon of food is tlie emulsifying of fats. 

If a. quantity of oil is shaken up with an eqiuil part uf water in a test- 
tube, the two will not mii. Bat if wo Hubntitute bile for the water, and 
Bhake thoroughly, we obtain an emuision which will sepa,rate bat slowly 
and imperfectly. 

The bile may be obtained from Uie gall-bladder of the ox or sheep at 
any butcher's oi slaughter-liouse. 
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or prDdiiCfis a. digestive fluid by jneans of numerous " follicles, 
or minute glands; this is called the intestinal juice. 
experimQuts on the lower iinimals, it lias iMen ascertained that 
this fluid exerts a. solvent influence over each of the three 
organic food principles, and in this way completes the actii 
of the fluids previously mentioned, viz.: of the saliva. 
converting starch into sugar, of the gastrie juice in digesting 
the albuminoids, and of the jiancreatic juice and bile in 
emulsifying the fats. 

39. The Large Intestine (or Colon) is joined to the small 
intestine at tight angles to it, at some distance from its closed 
lower end. At this point of junction there is a valve, called 
the ileo-ctecal valve, which prevents the contents of the small 
intestine from passing back into the latter after they have once 
entered the large intestine. The closed lower end of the large 
intestine (called the csecuni) ends in a slender tube from two to 
five inches in length, called the vermiform, appeiidix, inflam- 
mation of which produces the disease known as ajypendkitis. 
From its beginning, the lai'ge intestine passes upward to the 
tinder surface of the liver, this portion being called the ascend- 
ing colon ; then it turns at ri^ht angles to the left, and across 
the abdominal cavity just below the stomach, until it reaches 
the left side of the abdomen, this portion being called the 
transverse colon ; from here it passes downward, forming the 
rectum. 

40. Absorption. — With the preparation of the chyle, tiwi 
work of digestion is completed; but it has not yet become a^J 
part of the blood, by means of which it is to reach the dif- 
ferent parts of the body. The process by which the liquefied 
food passes out of the alimentary canal into the blood is called 
absorption. This is accomplished in two ways: first, by the 
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blood-vessels. We have seen how the inner membrane of the 
stomach is underlaid by a tracery of minute and iniiiieroua 
vessels, and how some portions of the food, are by them 
absorbed. The supply of blood-veasela to the inteBtines is 
even greater j particularly to the small iuteatiues, where the 
work of absorption is most actively carried on, 

41. The ahaorbing surface of the small intestines, if con- 
sidered as a plane surface, amounts to not leas tlian half a 
square yard. Besides, the mucous membrane ia formed in 
folds with an immense number of thread-like prolongations, 
called villi, which indefinitely multiply its absorbing capacity. 
These villi give the surface the appearance and smoothness of 
velvet, and during digestion they dip into the canal, and, by 

8. Experiment. Pancreatic Juice. —To obtain the pancrentic juice, 
it will be necessary tn estract il from a, freah pancreas, " aweet-bread" 
(which may be bought of any butcher), by means of either water or 
glycerin. Mince the pancreas finely and add sufficient of either of these 
. liquids to cover it, set aside for a day and strain or filter. The glycerin 
extract will kee'p tor a long timH ; the watery extract soon spoils. 

The pancrealJc juice has a di^stive action on all tlie food-stufis. 

Its action upon boiled starch mtiy be demonstrated by repeating the 
ex[)eriiiients detailed under "Saliva," only substituting tiie extract of the 
pancnias (or the saliva. 

Its action upon albuminoids ia shown by adding to a few teaspooiifuls 
of the panoreatic extract some finely minced meat, or a part of the 
white of a boiled e^. But as the action of the pancreatic juice can 
only proceed in an alkaline medium, It is nece^ary Lo he certain of the 
alkalinity ol the fluid. This ia beF^t done by adding aiioiit five grains of 
carbonate of soda (washing soda) to each ounce of pancreatic extract. 
Set the tesl-tube aside in a warm place tor a tew hours, when the meat 
or white of egg will be found entirely dissolved. 

Its action upon fats may be shown by simking «p in ii tesl-tube it 
quantity of llie extract with an equal part of melted lard or oil, when 
we will obtain a votj_ perfect wuulsion. 
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means of their blood- vessels, absorb its flnid contenta, jnat as 
tlie sjmngiole^ which tei'iiiiiiate the rootlets of plants imbibe 
moisture from the surrounding soil. 

42. Secondly, absorption is also effected by the lacteah, a 
set of vessels peculiar to the small intestines. These have 
their beginnings in the little villi jiiat mentioned, aide by side -, 
with the blood-vessels. These two sets of absorbents run i 




different courses, but their destination is the same, which i 
the right side of the heart. The laeteala receive their name 
from the milky-white appearance. After a meal containing 
a portion of fat, they are distended with chyle, which they 
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are speoially adapteil to receive; at other times they are 
hardly discernible. The lacteala all unite to form one tube, 
the thoracic duct, which passes upward through the thorax, 
or chest, and empties into a large vein, situated just beneath 
the left collar-bone. 

43. The Absorbents. — Tlie lacteals belong to a class of ves- 
sels kuown as absorbents, or lymphatics, which exist in nearly 
all parts of the body, except the brain and spinal chord. The 
fluid which circulates through the lymphatics of the limbs, 
and all the organs not coueerued in digestion, is called lymjA. 
This fluid is clear and colorless, like water, and thus differs 
from the milky chyle which the lacteals carry after digestion : 
it consists chiefly of the watery part of the blood, which was 
not required by the tissues, and is returned to the blood by 
the absorbents or lymphatics. (Bead Note 9.) 

44. Osmosis is the name given to that process which enables 
two fluids, capable of being mixed, to pass through animal 
membrane, which separates them. This may be readily illus- 
trated by filling a glass tube half full with a strong salt solu- 
tion, and closing its open end by a piece of bladder or intestine, 
and then standing the tube, with the meinbi'ane downward, in 
a glass of water. After a while it will be noticed that the sur- 
rounding fresb water has become salty, and also that the fluid 
in the glass tnbe has increased in vohinie. Upon analyzing the 
two fluids now, we will find that more water has passed into 
the salt solution than salt into the water, showing that the 
lighter fluid (water) passes more readily into the denser fluid 
(salt solution). The more abundant passage of the water 
through the membrane to the salt is called endosmosia ; and the 



iBcteili ttUu dlgestloa t 





DmESTlOlf 

' more scanty passage of the salt outward into the water Is 
called exoamosis. (Rmil Note 9.) 

16. Dialysis. — Different substances will penetrate animal 
membrane with different degrees of rapidity. As a rule, crya- 
tallizable substances, such as mineral salts, glucose, or urea, 
pass with facility ; while non-cryatallizable, such as albumen, 
starch, or gum, pass through not at all, or with difficulty. The 
former subatancea ai'e called diffusible, and the latter nou- 
diffusible. This distinction is not absolute, however, for by 
increasing the pressure on one side of the membrane, nearly 
all soluble substances can be made to pass through to some 
degree. The separation of substances of different diffusibility 
from each other is called dialysia. To illustrate : If a mixture 
of sugar and gum, dissolved in water, be placed on one side of 
the membrane, and pure water on the other, it will be found 
that the sugar will pass through t!ie membrane, while the gum 
will be left behind, Jt is by this process of dialysis that the 
products of digestion are separated from the waste and indi- 
gestible parts of food, and absorbed into the circulation, 

46. The absorption of the food, when it reaches the intes- 
tine in liquehed form, is as follows : all of it passes through the 
epitheliai cells of the villi {see Fig. 31), and thence directly 
into both blood-vessels and lactealsj peptones, water, salts, and 
je pass directly into the vessels and lacteals, and emulsi- 
fied fata after passing through the epithelial cells pass into 
the iacteals. Peptones, salts, water, and fats are taken from 
the blood by the tissues directly, while the glucose is carried 
tlu-ough the portal circulation into the liver. This organ 
changes ttie glucose to a new substauce, called gljicogen, and 
stores it up in its interior, to remain here until the system 
needs it; when the tissues require glucose, this glycogen is 
I re-tranaforraed into glucose, and passes into the general 

Wliitt BnbHtDiwM ouLly pust tlirnu^h biiIihb] rnvmbniie } Wliul. tn thnu siiliisUneiM 
railed? Wbat inbiUiiuHia [mim Uiruugb wlib gnvt illlRciilty, If >I iillT Whal m Ih«7 
aUralT WhylilblBdlBtlnstldnnDt BbiuLutsI Wlut )■ ilLilyali r llliistnta Ihc |in>MM, 

U. Daierlbe the iirucest of the ibiDrptlan ot AhhI, ntUt It tiu nMehM thr InUatlnca la -, 
Mi/iibBi^ r^rm. Wbat suhnUiiMt [MudlrHtly liitv> Uii> v»suls nnd luteali t nowliri^ 
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r circulation. It wi!l thus be seen that the liver plays i 
very important pai-t in the process of 
nutrition, and acts as a stor^huiiso uf 
food. 

47. Circumstances Afiecting Digestion. 

— Wliat length of time is required fur 
the digestion of food ? From observar 
tions made, in the case of Ht. Martin, 
the Canadian already referred to, it has 
been ascertained that, at the end of two 
hours after a meal, the stomach is ordi- 
narily empty. How TOcch time is needed 
to complete the digestion of food, within 
the small intestines, is not certain ; but 
from what we have learned respecting 
their methods of action, it must be evi- 
dent that it largely depends upon the 
amount of starch and fat which the 
food contains. 




B. AbsOTptiOD of tbe Lacteols. —"The force by which the milky fluid 
moves apword through the lacteala-is very coDsiderable. This lias been 
proved by the distension of the whole system of vessels, Including tbe 
thoracic duct, even to tbe occurrence oE rupture, when that duct baa been 
tied <ti an uiilmal n ithort time before it hua beeo fed. Tbe movement of 
the fluid Uius, in some measure, resembles absorption by the spongioles 
at the extreinitieB of the roots of trees, and tbe continoouH rtsiog of the 
Bnp. The thoracic duct may become diseased, and a serious derange- 
ment of nutrition tAke place. In tbe case of an unfortunate person, 
who was Bome yeara ago exhibited as a curiosity under the name of the 
'living skeleton,' was iUuatrated the slow starvation that may thus be 
produced. Although be was able to take food in abundant supirty, he 
WHS not nouriabcd by it. Finally be died, and an examinatiou o( bis 
body disclosed the fact that tbe tboracio duct had been obatrueted by 
dise.ise, and absorption by tbe lacteals was prevented. Hard work 
directly after a liearty meal is bad practice. Remember the story of tbe 
two hounds. They were both fed alike lu the morning ; one of them 
was taken out to run on a bunt, the other was tied up at home. When 
the master came back from tlie hunt, both dogs were killed, *»A "iitM 
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48. In addition to the preparation which the food nndw^oes 
in cooking, which we have already considered, many eircum- 
atances affect the diu'ation of digestion ; aucli as the quality, 
quantity, aud temperature of tlie food; the condition of the 
mind aud body ; sleep, exercise, and habit. Fresh food, 
except new bread and the flesh of animals recently slain, is 
more rapidly digested than that which is stale ; and animal 
food more rapidly than that from the vegetable kingdom, 

49. Food should not be taken in too concentrated a form, 
the action of the stomach being favored when it is somewhat 
bulky; but a large quantity in the stomach, especially if there 
is much liquid, often retards digestion. If the white of one 
e^ be given to a dog, it will be digested in an hour, but if the 
white of eight eggs be given it will not disappear in four 
hours. A wine-glassful of ice-water causes the temperature 
of the stflraach to fall thirty degrees ; aud it reqiurea a half- 
hour before it will recover its natural warmth — about a 
hundred degrees — at which the operations of digestion are 
best conducted. A variety of articles, if not too large in 
amount, is more easily disposed of thau a meal made of a 
single article ; although a single indigestible article may inter- 
fere with the reduction of articlea that are easily digested. 
{Read Nole 10.) 

Htomacbs e:[iun[ncd. It was found that the bound, that bunted etill bad 
the Btomacli full oF food, wbile that of the stay-at-home was empty. 
When 7011 have a hard piece of work on band do not cat much ; the 
nore you eat the weaker you are for the purposD." — Bttckland (la part). 
10. Digestibility of Warm Food. — "It is very desirable that all 
cooked food should be taken hot. When it is eaten aold it reducea the 
temperature of the stoniauh, and both the nerves and vessels of the 
Btomacb are taxed in order to bring tlie temperature of the food ttius 
taken up to that of the human body. Mankind in nU ^eH seems to 
■e discovered that it ia defiirable to prevent thU tax upon the inlemal 
organs, and have taken their food hot in order to prevent it. It wa^ 
dealli to the Koman slave to bring in Ms master's water tepid or cold — 
) much importance did they attach to hot water as drink. Many of 
u own beverages are taken hot even in summer weather ; and It is an 
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50. Strong emotion, whether of excitement or depression, 
checks digestion, as do also a had temper, anxiety, business 
cares, and hodily fatigue. The majority of these conditions 
make the mouth dry — that is, they restrain tlie flow of the 
saliva; and without doubt they render the stomach dry also, 
by preventing the flow of the gastric juice. And, as a general 
rule, we may decide, from a parched and coated tongue, that 
the condition of the stomach ia not very diasimilar, and that it 
13 unfit for the performance of digestive labor. This is one of 
the points which the physician bears in mind when he examines 
the tongue of his patient. {Head Note 11.) 

51. The practice of eating at short intervals, or "between 
meals," as it is called, haa its disadvantage, as well as rapid 
eating and overeating, since it robs the stomach of its needed 
period of entire rest, and thus overtasks its power. With the 
exception of infants and the sick, no persons require food more 
frequently than once in six hours. Severe exercise, either 
directly before or directly after eating, retards digestion ; a 
period of repose is most favorable to the proper action of Uie 
stomach. The natural inclination to rest after a hearty meal 
may be indulged, but it should not he carried to the extent of 

eoononiy of Ihe vital powers to talie hot. meals rather thSiii cold ones. As 
a. rale, hot food is better than cold, in our climate, except in very hot 
weather ; in tropical climates oa\j can food l)c taken with advantage 
when cold, or ice and iced drinka.be used witb impunity." — Lankester's 
Xajival of Health. 

11. On the Demands of Digestion. — " The system never does two 
things well at the sanit time. No one can meditate a poem and drive a 
saw simultaneously wilUout dividing hie force; he may poetize fairly 
and saw poorly ; or he way saw fairly and poetize poorly ; or he may 
both saw and poetize indifferently. Brain-work and etomach-work inter- 
fere with each other if attempted together. The digestion of a dinner 
calls force to the stomach, and temporarily slows the brain : the experi- 
ment, of trying to digest a hearty supper, and to sleep during the process, 
has sometimes cost the careless experimenter his life. The physiological 
principle is to do only one thing at a time, if you would do it weU." — 
Dr. E. H. Clarke : i'ex in Edticatloii. 
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sleeping ; since in that stato tlie stomach, as well as the livtdn 
and the muscles, seeks release from labor. (Head !foCe$ 12 and 13.) 
52. The Kidneys. — Besides those already described, the 
abdominal Cavity contauis other important organs, viz., the 
kidneys and spleen. The kidneys are two in number, located in 
the loins behind the intestines, one 
on each side of the spinal cioluum. 
They are shaped like a bean, being 
about four inches long, two inches 
wide, and one inch thick. The func- 
tion of the kidneys is to purify the 
blood by removing from it a poison- 
ous substance called urea and cer- 
tain waste products. If their action 
is ill any way interfered with, blood- 
{wisoning takes place, on accotmt 
of the accumulation of urea, and 
effete materials in the system, pro- 
ducing coma, which rapidly proves 
fatal imlesa it is relieved. The 
watery fluid secreted by the kid- 
neys is carried by two tubes, called 
bliwjkb ureters, to the bladder. 

IS. Work ot Exertion. — "The best time to make great exertion is 
about two Uours after & meal. It is not a good time before breakfast, 
altliough moderate work may bo tlien performed ; and tUoao who go to 
work before breakfast sbauld first take a cup of but milk, tea, or coSee, 
or otlier simple food. The body is weakest bufore breakfast. 

" Violent or rapid exertion made by cMldren, and also by stout oud 
aged people, often iajoieB, and sometimeH causes disease of the heart, 
when the same takeu in Ibe ordinary way would do no barm. Rapidly 
running npBtaire, or to meet a train, sometimes causes death. Hence, 
while exercise is of tbe utmost importance to health. It should bu takeu 
in a regulated and rational manner, and particularly by those who have 
passed the period of youth. But disease of the heart, even in youth, may 
often be traced to iudiacrelion ia this particular, whether in rowing, run- 
niuy, or jumping." — Edifard Smith on Health. 

13. Tight Clothing interferes with Digestion. — " On one wet winter's 
day at Florence, some years ago, 1 had been spending the morning In Uut 
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53. The Spleen. — The spleen is situated on the left side of 
the abdomeu behind the stomach. It is called the "milt" by 
the butcher. It haa no duct, and its uses are not positively 
known, In maJariiil fevers, it is sometimes much enlarged, 
and the individual is said to have an "ague cake." 

54. Effect of Alcohol upon Digestion. — The irritating effects 
of alcohol upon the lining of the stomach* are first seen in 
deranged digestive action, in loss of appetite, and at a later 
stage, in changes in the stomach's structure, principally by a 
thickening of the walls of that organ. (.Rtad Note li.) 

Btudio of 3. sculptor of world-wide reputation. We had diiscuased the 
perfectioiiE oE Eumale beauty, and I felt that I was sittiog at tbe feel of a 
thinker, as well tts au ' eUgam formartim ^ectator.' In the evening we 
met again at a hospitable palazzo, and, under cover of the waltz, from a 
quiet comer of observation, we saw hurling by in the flesh, uiuch tliat we 
had been thinking of in the marble and the clay, and our eyes could not 
but follow one particular face, faraoua for the aasistance its great natural 
beauty received from art, ' Face,' I said, but the mind of Hiram Powers 
waa penetrating deeper, tor he exclaimed, aft«r a short silence : ' That 

is all very well, but I want to know where Lady puts her hver 1 ' 

Where, lodeed 1 for, calculating the circumference of the walat by the 
eye, allowing a minimum thieknees for the walls of the chest, an area for 
the spine, CBHophagus, and great hlood-veGselH, the section of the waist 
seemed to admit of no room for anything else. In such a body the liver 
must be squeezed down into the abdomen, stick into its hollow neighbors, 
and infringe upon all the organs. The organ which suffers most ia the 
unresistlDg stomach, which is dragged and pushed out of all form during 
the continuance of this packing process." — Dr. T. K. Chambers on the 
Indigestions, 

* Dj^pepsla doe to Alcohol. — "Many cases of dyspepshi are due to 
deohol solely and wbolly, and no reliance whatever can he placed upon 
the word, statement, or assertion under oalli of a drunkard; for 'a 
drunkard is a liar.' And this holds good of both sexes, all ages, every- 
where and ever." — Dr. J. M. Fothergill. 

14. Cordials, Bitters, etc. — "In health, alcohol no viae plays a 
friendly part in regard to digestion. And it is juat here that a mistake 
is made by many persons who have been deluded into tlie use of what 
are termed ' cordials ' ; these are very strong alcoholic liquors, and they 
are supposed by those who use them to be especially appropriate at the 
end of a hearty nienl. Absinthe, the pet poison of the Parisian, is one of 
these falsely-named 'cordial' substances, Tbese cordials are never leaa 
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Dr. Beaumont was able to observe the condition of 

stomach of Alexis St. Martin (see paragraph 28, page 128) after 
ali:oholic excesses. He states that the surface of the organ was 
ivercharged with hlood, at times drops of blood exuding from 
it; and that its secretions became thick, unnatural, and slightly 
tinged with blood.* It is a fact beyond dispute that other 
organs coucerned in the act of digestion, particularly the liver, 
become diseased by the habitual use of spirituous liquors. 
{Bead Note Ih.) 

55. Effects of Alcohol on the liver. — When alcohol is taken 
into the stomach it is absorbed, and is carried by the portal 
vein directly into the liver. The blood in the liver is thus 
made more stimulating, and repeated stimulation produces 
over-action, which results in impairment or loss of power to 
secrete healthy bile. Por the same reason, organic changes 
take place more frequently in the liver, from the use of alcohol, 

welcome than after a substantial meal. So many uiisluading names have 

a given to bereragea (Cordials, Bitters, etc.), that many persona have 
nsed them without knowing the evil consequences wlilcti follow. It is 
made clear by recent proofs tbat the so-oalled cordials are the most rapidly 
poiaonous of all the spirituous beverages," 

■ Alcohol and Digestion. — "The effects of alcohol upon digestion vary 
greatly according to the quantity imbibed ; it may act as a temporary 
check, or in large doses it may completely arrest the digestive act : vomit- 
ing is frequently induced — the stomach thus freeing itself from the hurt- 
ful intruder. The habitual use of spirits often gives rise to a most dia- 
tressing form of dyspepsia." 

16. Effect upon the Appetite. — '^ At a Peace Congress held at Frank- 
fort, Germany, the inn-keepera found it necessary to increase the price 
of board of the strangers attending the congress, the majority of whom 
were teetotalers, tor the rea*>n that their appetites required an amount 
of solid food in excess of that usually consumed by their own nationality, 
who are habitual drinkers of beer containing appreciable amounts of 
alcohol. 

"By direct contact, alcohol acta upon the stomach and leads to a 
destruction of its secreting tubules. Nothing with such certainty impairs 
the appetite and the digestive power a^ the continued use of strong alco- 
holic liquids. From the stomach it is absorbed, and with its distribution 
through the system it interferes with nutrition and. leads to a. diseased 
■tate of the liver, kidneys, and other organs." — Fafjf . 

Ce. WhM effect i>ruiluoed on Uu Uier by tlooti^I 
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than in any other organ. It first becomea enlarged, owing to 
congestion from obstruction of the circulation and excessive 
growth of the connect! ve tissue. One result of this overgrowth 
is compression aiid diiuiiiutioii in size of the cells which secrete 
the bile. Another result is a hindrance to the flow of blood 
through the liver. The organ is not only diminished in size, 
but it becomes hardened and roughened — an appearance which 
has given it the name of kob-naited liver oi drunkard's liver. 
Thia condition not only interferes with the proper formation 
of bile, but it obstructs the return of blood from the organs in 
the abdomen, and we have dropBy as a consequence. 

56. The Efiecta of Alcohol on the Kidneys. — The action of 
alcohol on the kidneys ia Kiniilar to that which takes place in 
the liver. The first effect of repeated stimulation by alcohol 
is an increase of the natural secretions of the organs, but thia 
continued over-action, in obedience to a universal law, after- 
ward results in a diminished secretion and in injury to the 
substance of the kidney. " Granular degeneration," one of 
the forms of Bright'a disease, takes place. The kidneys are 
unable to perform efficiently the duty of removing impurities 
from the blood ; urea, and other noxious materials accumulate, ■ 
and the whole system is poisoned. 

57. The Effect of Tobacco on Digestion. — Very few persons 
are able to take up the habit of smoking without first experi- 
encing the sickening effect of tobacco ujwn the stomach. The 
use of tobacco has a perverting uifluence over the salivary 
glands, causing the secreted fluid to become so watery as to 
deprive it of its property of converting starch into sugar. In 
the case of some persona this amounts to a serious impairment 
of digestion, and can be relieved only by the abandonment of 
the offending substance. 

The habitual use of tobacco has a tendency to leave the 
mouth and tliroat in a condition of unnatural dryness, and this 
has the effect of an artificially produced thirst which has, in 
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^m many instances, led to tlie habit of taking alcoliolio liqnoi 
^1 These two liabits do not always co-estist in the same personfl^M 
^K but the darifjer that the one will lead up to the other i 
^B great that thej are frequently Bpoken of as the ■' twin vices." 
^1 The young should appreciate this danger, and should oleo 
^r remember that the habit of using tobacco is most commonly^ 
established early iu life, if at all ; very few persons, eompara 
tively, who have passed twenty years of age without formin^B 
the habit, adopt it in their later years. . 
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Th* lymphatics of tbe intestines. 
many originate In tba villi of the emtH 
iiiteatine. 
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QUESTIONS FOR TOPICAL REVIEW 

. What do you understand by nutrition? IIT 

'•, How is tbe process ol nutrition oartied on? IIT 

'. What further can you state on the subject? IIH 

. Describe Uia general plan of digestion lia 

. How is the process of mastication carried on? 119 

'. State what yon can 'in relation to tbe formation of the teeth . . ■ ■ 

. What, in relalioti to their arrauf^ement 7 120, 1 

■. What, in relatiou to thepwioessot "shedding"? 

I. In relation to the different forms of teeth in different animals? . . 

I. What eanaefl operate to injure or destroy the teeth 7 

. What suggestions and direutiona are given for the preservation of 

the teeth ? — 

': What do you nnderstaod by insalivatioD 7 

L How is the process of inaalivation catcied on? 

'■ Ot what importance Is the saliva to the process? 

I. Of what importance are mastication and iusallvatlon 7 

i. Descrliw the consequences of rapid eating 

'. What becomes of the food directly after it has undergone mastica- 

lioti and iusalivatioii 7 

i. Desoribe the location and formation of the stomach 

i, Describe the process by which the gastric juice is formed laB, 1 

). What are the properties aud uses ot the gastric juice? 1 

, What are the movements of the stomach, and what their nses ? . . . . 1 

;. What further can yoii state on the subject? ,. 

L Wliat portions of the food are digested in the stomach? 

'. What are the first ehanges of digestion? 

i. What furlhercanyoii state ill relation to tlie slomach? 

i. Describe the intestines A^^ 

'. DescHbe the pmcass of intestinal digestion VM.,V 

L Wliatdo yoQ uuderBtand by l>bBOl^ptdoa? ,■..... ■ 
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2i). How is the process of absorption effected ? 137 

30. What are the lacteals, and of what use are they ? 138 

31. What length of time is required for the digestion of food ? 141 

32. What circumstances, of food, afifect digestion ? 142 

33. What circumstances, of emotion, affect digestion ? 143 

34. What suggestions and directions are given upon the subject of eat- 

ing and drinking ? 142, 143 

35. Describe the kidneys and their office 144 

36. What happens when their action ceases ? 144 

37. Give the location of the spleen. Has it a duct ? 145 

38. How does alcohol affect digestion ? 145, 146 

39. Give the experiment on St. Martin 146 

40. State the effects of alcohol upon the liver 146, 147 

41. State the effects upon the kidneys 147 
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lU Blood — /U iliUMt nnd Corpvsclrt-^ CtiagnlittioH r^ Oui JBood— 
T%e. U*esiifl/ie Bl'-'il ~TnliurfnrC-n —V/iaaut 0/ Cotft — the Orgawi 
0/ Ihc MrcuJnfirMi — TTie Urait, Arhru!4, u»kJ VHu' — TIu Catltit 
OmJ Vnltrn 0/ Ihf. Ufart—Iti Vital SNi^ivy — T^tarajr^ i>C Uk* Shi 
AroHgh Ae neaft— TKt Jfrqutntt and Actirajf of iu MovtvuttUA 
The Pvitt—ITtt Spiiymogrttfih—The VapHtary Bl<iod-tt»atl* — ^ 
Matt of Om C1milaUon~-A9timflatU>»—Iniiiriet it, tht L,^vd-*i 
—EffeeU Hf AJeaKol OH Ittatt 

I. Tbe Blood. — Every liriiig orgoiiiKm of tlie hiKlii^r i^ott^ 
rb^thor nnimiil nr rpgetabli-, iwiiiiren f"r tlie iu»int«uiuicfl of 3 
ie and anlivitj', n "inulaturjr Suid, by wliich niitrimerit is dto^l 
ribnt«d to all its ikb'is- Iu j>liiiit8, tliis Hul'l in tlie m}); 
nswts, it is a waji'ij and colcilcss l)lo<xJ ; iii ri'ptikB I 
ihen,, it is red but oolJ 1>loo>l ; whil« in tbe nobler u 
id man, it ia red and ir&nn blooiL * 

3- The Nooil is Ui« most tctpurUuit^ aa it is tti» matt 
t, fluid (^tbc bo<ly^ and iijuu itii iinidifaoe, under cei 
nit« oomlitious, life d^jieiiiln. *tu ttiis aci-nuiil it is fl 
ently, aiid Tvvy yw]m\y, t4-i'iii>->l "lb* vital fluid." 
portiuiul! 0/ tbu bktH), M fswiitinl Ut lUr., wai* recognized 
tlw earliest writinpi. In t,be narntlw-vi -A the dpalli of tbl^ 
luurderml Abel, it is written, " tli** vtit.t «f his tiirwd irieth 
ttfKR lb« }>rouiid." In tJie Musaic law, [irxiumed over tliiri^ 
BFiiturira ago, tlio Israelites were forbiddnn tji vat food tbait 
itaiii(!d tilodd, for the reason that "the lifa u( tii* Smh is ii 
he bluod.'' With the oxception of a few tJamw, !:uth 
sir, Llie q^Ib, and the cornea uf tlie «ye, blood i!<?(irywh«ra 
erradM the body, as may he proved by pim<:tnriQg any part 

% ImrurUDeii niiA ikaniUnr' a( bUud I Itapwl.nu al Vit»-t h\>A^ M 
I vhM put of a* bnl; la Uwd n<n fimirf ) (tunttlj ut^iliHAUkVMViait 
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The Blood — Its Plasma and Corpuscles — Coagulation of the Blood^ 
The Uses of the Blood — Transfusion — Ckangeof Color — TheOrgans 
of the Circulation^ The Heart, Arteries, and Feina^~The Cw)itiet 
atid Valvea of the Heart — Its Vital Energy — Passage of the Blood 
through the Heart — The frequency and Activity of iU Movements — 
The Pidse- The Spsgrnograph- The Capillary Blood-Dessels- The 
Sate of the Circulatioa^- Assimilation — Injuries to the £.'..nHUveseels 
— Effects of Alcohol on Heart 

1. The Blood. — Every living orgauism of the higher sort^ 
whether auiiiia,! or vegetable, requires for the maintenance of 
life anil activity, a circulatory fluid, by which nutriment ia dis- 
tributed to all its parts. In plants, this fluid is the sap; in 
insects, it ia a watery and colorless blood ; in reptiles and 
fiahes, it ia red but cold blood; while in the nobler animals 
and man, it ia red and warm blood. 

2. The blood ia the most important, as it ia the most abmi- 
dant, fluid of the body ; and upon its presence, under certain 
definite conditions, life depends. On this account it is fre- 
quently, and very properly, termed " the vital fluid." Tue 
importance of the blood, as essential to life, was recognized in 
the earliest writings. In the narration of the death of the 
murdered Abel, it is written, "the voice of his blood crieth 
from the ground." In the Mosaic law, proclaimed over thirty 
centuries ago, the Israelites were forbidden to eat food that 
contained blood, for the reason that "the life of the fleah is in 
the blood." With tlie exception of a few tissues, such as the 
hair, the naila, and the cornea of the eye, blood everywhere 
pervades the body, as may be proved by puncturing any pan 
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with mineral aalta and water, the latter constituting more than 
' the bulk. The coloiing matter, hemoglobin, has the 
power of readily absorbing oxygen, wherever that gas is found, 
and with equal facility parting with it wherever it is needed. 
Thus it is that the blood in its passage through the limga 
rbs the ostygen from the air, or as much of it as is needed. 
As the blood circulates throughout the tissues of the body, it 
supplies them with their needed oaygen. 

9. Besides these corpuscles, and floating along in the same 
plaBma,-ai'6 tlie white corpuscles. Theseare fewer in number, 
but larger, and globular in form. They are colorless, and their 
motion is less rapid than that of the other variety. The total 
numl3er of both varieties of these little bodies in the blood is 
enormous. It is calculated that in a cubic inch of that fluid 
there are eighty -three millions, and at least five hundred times 
that number in the whole body. 

10. The white bloixi corpuscles exist in the blood, in tiie 
proportion of about one to three hundred of the red. They 

aearly spherical in form, and are about one-half as large 
again in diameter as the red ones. They consist of a soft, 
somewhat viscid, finely granular substance, containing one or 
more ovoid nuclei. They are less yielding and slippery than 
the red, and adhei-e more readily to any surface with which 
they come in contact. If the blood in circulation in the web 
of the frog's foot be examined, it will be seen that the rcl 
globules form the centre of the current, whilst the white a.t<s 
often seen along the walls of the blood-vessel. They are capa- 
e of independent movement, resembling in this the amoeba, 
already spoken of in the first chapter ; by means of this inde- 
pendent motion they are enabled to move from place to place, 
and even pass through the walls of the capillaries into the sur- 
rounding tissue. Nothing definite is known about their physi- 
ological functions. That they play an important part in the 
economy of the body cannot be doubted as judged from the 
fact that they are present in such considerable nnmbers. 
Some observers claim that they have an important jiart in the 
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function of nutritionj being carriers of peptone and fat. 
Others claim that they act as destroyers of batteria, acting 
in this way as general scavengers of the body. But neither 
these nor any other of the many theories advanced as to the 
functions of the white corpuscles is capable of positive demon- 
stration, {Rend Nnte I.) 

11. Coagulation. — The blood, in its natural condition in the 
body, remains perfectly fluid ; but within a few minutes after 
its removal from its proper vessels, a change takes place. It 
begins to coagulate, or assume a semi-solid consistence. If 
allowed to stand, after several hours it separates into two 
distinct parts, one of thein being a dark red jelly, called 
the coagulum, or clot, which is heavy and sinks ; and the 
other, a clear, straw-colored liquid, called serum, which covers 
the clot. This change is dependent upon the presence in the 
blood of fibrin, which possesses the property of solidifying 
under certain circumstances, one of them being .the separation 
of the blood from living tissues. The color of the clot is due to 
the entanglement of the corpuscles with the fibrin. 

12. In this law of the coagulation of the blood is oiir safe- 
guard against death by hemorrhage, or undue loss of blood. If 

I. The Blood. — "Tou feel quite sure that blood U red, do you not ? 
Well, k is no more red than the water of cl stream would be if you were 
to fill it with littl^red fishes. Suppose the fishes to be very, very Biaall — 
an small as a grain of sand — and closely crowded together through the 
whfile depth of the stream, the water would look red, would it not ? 
And this ia tlie way in which the blood looks red : only observe one 
thing — a grain of snnd is b mountain in comparison with the little red 
bodies that float in the blood, which we have likened to little fishes, If 
I were to tell you tliey measured about the 32Mth part of an inch in 
diameter, you would not be much the wiser ; bat if I tell you Ihat in a 
ainglo drop of blood, such as might hang on the point of a needle, there 
are a million of these bodies, you will perceive that they are both very 
minute and very numerous. Not that any one has ever counted them, 
BH you may suppose, hut this is as close an estimate ba can be made in 
view of what is known of their minute size," — liacli't History of a 
Mouthful of Bread. 

II. Tbo blonil In lU natural toniilion In Uie body I DoscrLbo tho vtowMXij ■w^MaSwa 
■Mpilntlon of LliHx] ukeA jhliice. 
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coagulation were impossible, the slightest injury in 
blood would prove fatal, Whereaa now, in many cases, bleed- 
ing ceases spontaneously, because the blood, as it coagulates, 
stops the mouths of the injured blood-vessels. In another class 
of cases, where larger vessels are cut or torn, it is ordinarily 
snfflcient to close thein by a temporary preasure ; for in a few 
minutes the clot will form and seal them up. In still more 
serious eases, where the blood-vessel is of large size, the sur- 
geon is obliged to tie a liyaiure about it, thus preventing the 
force of the blood-current from washing away the clots, whio] 
forming within and around the vessel, close it effectually. 

13. It is worthy of remark that tliis pecidiarity is ei 
implanted in the blood, even before birth, and in advance 
any existing necessity for it — thus anticipating and guarding 
against danger. But this is not all. Of most of the inferior 
animals, which, as compared with man, are quite helpless, the 
blood coagulates more rapidly, and in the case of the birds, 
almost instantly. The relative composition of fluid and coagu- 
lated blood may be thus represented : 

Fluid Blood Coagulalecl Blood 
PI asm a;- — Serum S e ru m 



Corpuscles Corpuscles ^Cl ot 

\Sead Note 2.) ' 

14. The Uses of the Blood. — The blood is the great pro- 
i'ider and luirilier of the body. It both carries new materials 
lo all the tissui;B, anil remuvi^s the worn-out particles of mattfefij 

< 8. Ezpeiiment. CoagulatioD of Blood. — The coagulation of t 
can be shown to a claaa wiLli but lillle trouble. ObLnlii from a bul^hbFdl 
alaughter-houM about a iiiiil ot fresh blood, have it drawn into a tin can 
or pail, and pnt it. iminedUiMii into a. freezing niixtiu'e of fee and salt. If 
It be during the. winter aud freezing, tliia Is not necessary, aa freezing 
suspends coagulation. 

15. Wlut 1» worUiy of remark f Oiiugiilatlon of liolilooil of IntSrigr 
bhndoflilTdtT 

14. Tbabload.uiproTlderiiadpuriaBrt WhU t»c 
peiimeoU t Tnastasloo T 
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This is effected by tiie plaaraa. It both conveys oxygen and 
removes carbonic acid. This is done through the corpuscles. 
Some singular experiments liave been tried to illustrate the 
life-giving power of the blood. An animal that has bled so 
freely as to be at the point of death, Is promptly brought back 
to life by an operation called transfusion, by' which fresh blood 
from a living animal is injected into the blood-vessels of his 
body. (Bead Note 3.) 

15. It is related that a dog, deaf and feeble from age, had 
hearing and activity restored to him by the introduction into 
his veins of blood taken from a young dog; and, that a horse, 
twenty-six years old, having received the blood of four lambs, 
acquired new vigor. And further, that a dog, just dead from 
an acute disease, was so far revived by transfusion, as to be 
able to stand and make a few movements. 

16. Transfusion has been practised upon man. At one time, 
shortly after Harvey's discovery of the " Circulation of the 
Blood," it became q^uite a fashionable remedy, it being thought 

Fill a glass vesst'l with the tlond, arid obaer™ the different atppa in iU 
coagulation. In about two to three minutes it becomea viscid, and after 
about fife to ten minutes it has assumed a jelly-like character, so that the 
vessel can he turned over without spilling ilB contents. Kow wUl be seen 
on the surface of the jelly a few drops of fluid, w'lich rapidly multiply, 
BO that soon a layer of Btraw-colored fluid is Soatiog on the surface. This 
fluid increases, and the olot contracts more and more, until at the end of 
about twelve hours, tlie process is complete, and we have a firmly con- 
tracted clot floating In a clear straw-colored fluid. The clot is eomposed 
d( the fibrin and corpuscles, and the fluid Is the serutn, colored by a few 
red corpUBCles. 

S. The Work of the Blood. — "The blood, which Is our life. Is a 
complex fluid. It contains the materials out of which the tissues are 
made, and also the debris which results from the destruction of the same 
tissues, — the worn-out cells of hrain and muscle, — the cast-oS clothes 
of emotion, thought, and power. It is the common carrier, conveying 
anaeaaingly to every gland and organ, the Hbrin and albumen which 
M{>»lr their constant waste, thus supplying their daily bread. Like tlie 
water flowing through the canals of Venice, that carries health and wealth 
to lUe iwrtals of every houae, and filth and disease from every doorwa-s i 
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possible by it to cure all forms of disease, and even to make 
the old young again. But these claims were soon found ia be 
extravagant, and many iinhappy accidents occurred in its prac- 
tice ; so that being foi'bidden by government and interdicted 
by the Pope, it rapidly fell into disuse. At the present time, 
however, it is somethiies resorted to in extreme cases, when 
there has been a great and rapid loss of blood; and there are 
upon record several instances where, other means having 
failed, life liaa been restored or prolonged by the operation of 
transfusion. 

17. This reviving power of the blood seems to reside in the 
corpuscles; for transfusion, when performed with the serum 
alone, has, in every case, proved fruitless. Now, though so 
much depends upon the blood aud its corpuscles, it is a mis- 
take to suppose that in them alone is the seat of life, or that 
they are, in aii exclusive manner, alive. All the organs and 
parts of the body are mutually dependent one upon the other, 
and the complete usefulness of any part results from the har- 
monious action of the whole. 

18. Change of Color. — The blood undergoes a variety of 
changes in its journey through the system. As it visits the 
different organs it both gives out and takes up materials. In 
one place it is enriched, in another it is impoverished. By 
reason of these alterations in its composition, the blood alst 
changes its color. In one part of the body it is bright red, or 
arterial ; in another it is dark blue, or venous. In the former 
case it is pure, and fit for the support of the tissues; in the 
latter, it is impure and charged with effete materials. (The 
details of the change from dark to bright -will be given in the 
chapter on Respiration.) {jKad Notes 4, 5, and 6.) 

the blood flowing through t\je caaala of our organiziition carries nutriment 
to all tissues, and refuse frnm them," — Clarke's Sex In EiluaiHoiu 

4. On Purifying the Blood. — " By some the blood is regarded as the 
BourcB ol all diseases, and to 'purify the blood' is the object of their 
treatment. Quacks suize on this noiioti, and in sublime ignorance o( the 
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19. Circulation. — Tlie bioud is ia constant motion during 
life. From the heart, as a centre, a cm-rent is always setting 
toward the different organs ; and from ttieae organs a current 
is eonstantly returning to the heart In this way a ceaseless 
circular movement is kept up, which is called the Circulation 
of the Blood, This stream of the vital fluid ia confined to 
certain fixed channels — the blood-vessels. Those branching 
from the heart are the arteries ; those converging to it are the 
veins. The true course of the blood was luiknowu before the 
beginning of the seventeenth century. In 1619 it was dis- 
covered by the illustrious William Harvey. Like many other 
great discoverers, he suffered persecution and loss, but unlike 
some of them, he waa so fortunate as to conquer and survive 
opposition. He lived long enough to see hia discovery uni- 
versally accepted, and himself honored as a benefactor of 
mankind. 

nature of the blood they profeas to purify, and of the means by which 
llieir drugs could possibly purify it, malie fortunes out of llie credulity of 
tlie public. I would warn you against this notion of -purifying' tiio 
blood. The blood ia not lilie a river into which anything can be iotro- 
dnced from willjout. It gets rid of, or destroys, all subatauces which 
intrude — all which do not form part and parcel of its own structure ; or, 
tailing in that, it ceases to act as living hlood." — George Henry Leaes. 

6. By Meaaa of the Blood, Esercise Benefits the Whole Body.— 
''1'lie employment of the muaclea in exercise not only beJiif&ts tboir 
et4>e(!iul Htructui'c, bat it acts on the nhole system. When the musclea 
are put in action, the capillary blood-veasela witli which they are sopplied 
become more rapidly charged with blood, and active changes take place, 
not only in the muscles, but in aU the surrounding tisanes. The heart is 
thus required to supply more, blood, and accordingly beats more rapidly 
In order to supply the demand. A large quantity of biood is sent through 
the lungs, and larger supplies of oxygen are taken In and carried to tlie 
various tissues of the body." The oxygen engenders a large amount of 
heat, which produces an action on the skin wliereby the increase of heat 
may be got rid of. By this m^ans the skin is exercised, the peraplratioii 
is jf&ured forth, the surface is caueed to glow and is kept in health. 
" Not oniy are these organs benefited by the increased circulation of tlie 
blood, produced by exercise, but wherever the blood is sent, changes of a 
healtliful character occur. The brain and the rest of the nervous system 
are invigorated ; the stomach has its powers of digeetion improved ; iiad. 

L MoUoout Ihabluodf Wlui is uiuiuit by tliB elreulwiott at Vott \i«'^*> ^o"" ■«" 
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20. Th9 Heart. — The heart is the central engine of the ax- 
oulation. In this wonderful little organ, hardly larger than 
a man's fist, resides that sleepless force by wiiiish, duiing the 
whole of life, the current of the blood is kept in motion. It 
is placed in the middle and front part of the chest, inclining 
to the left side. Tlie heart-beat may be felt and heard between 
the fifth and sixth riba, near the breast-bone. The shape of 
the heart is conicaJ, with the apex or point downward and in 

ihe liver, paucreas, and oiber organs perform their functions with more 
vigor." — Lankester'a Manual iff Health. 

6. Experiment. The Heart. — To demonstrate the physiological 
anatomy uf the heart will require some -disaoctiag, and a. little more care 
and work than the other experiments, but the teacher will he fully 
rewarded by the close attention and great mterest shown b; the papiU. 

Obtain from your buwher a bullock's heart inclosed in the pericardium 
or " bag." Instruct liim to cut it out carefully and as high up as he can, 
so aa not to injure it, and so as to leare of the large blood-vessels as much ■ 
attached as is possible. 

Cut away all the fat surrounding the heart and great hlood-vesaela ; 
cut open the pericardium from apex to base, and partly away from the 
latter, ho as to give room for exposing the cavities of the heart. The 
latter should be opened by two inclslona along the septum separating the 
right from the left heart. The Incision should run from apex to baae, 
laying open both ventricle and auricle. Cut open all the large vessel* 
found at the base, Into the cavities to which they lead. 

Going from without inward observe and explain the diSerent parts as 
follows : 

1. TnE PHnicARDiuH. — Note its structure and smooth, shining inner 
surface. Show how it surrounds the heart, and how it is attached along 
the base and great blood-vessels. 

2. Gbneral Structuue of tiib Heart. — Show the thin-nailed aoii- 
oles ; the difierence between the thlakness of the walls of the ventricles; 
the difierence in structure between the arteries and veins i demonstrate 
the two coronary arteries and their accompanying veins. 

3. KicHT Auricle a nh Ventricle. — Demonstrate the veniecavie and 
their entrance into the auricle ; the auriculo-ventricular valves between 
the two cavities ; the structure, attachment, aud action of the valves ; the 
pulmonary artery. 

4. Left Auricle and Vkntricle.^ — ^Demonstrate the pulmonary Tetnl 
and their entrance into the auricle ; the mitral valve between auricle and 
ventricle; the aortic valve, its structure, action, aud attachment; 1^ 
structure and great strength of the aorta. 

m oace nf the heanf I.acatron of thi< heart T Itibektr lu ehipat PiOtcf^^Kflj 
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front. The base, which is upwartl, is att!«fhed so as to hold it 
eeourely in its place, while the apex is freely movable. In 
order that loss of power from friction may be obviated, the 
heart is enclosed between two layers of serous membrane, 
which forms a kind of sac. This membrane, called the peri- 
cardium, is as smooth as satin, and itself secretes a fluid in 
sufficient quantities to keep it at all times well lubricated. 
The lining membrane of tJie heart, called the endocardium, ia 
extremely delicate and smootli. {Scad Xote 7.) 

21. The Cavities of the Heart. — The heart ia hollow, and so 
partitioned as to contain four chambers or cavities; two at the 
base, known as the aurides, from a fancied resemblance to the 
ear of a dog, and two at the apex or point, called ventrides. 
An aui'icle and a ventricle on the same side communicate with 
each other, but there is no opening from aide to side. It is 
customary to regard the heart as a double organ, and to ajjeak 
of ita division into the right and left heart. For while both 
halves act together in point of time, each half sustains an 
entirely distinct portion of the labor of the circulation. The 
right side always carries the dark or venous blood, and the 
left always circulates the bright or arterial blood. 

22. If "we examine the heart, we at once notice that, though 
its various chambers have about the same capacity, the walls 
of the ventricles are thicker and stronger than those of the 
auricles. This is a wise provision, for it is by the powerful 
action of the ventricles that the blood is forced to the most 
remote regions of the body. The auricles, on the contrary, 
need much less power, for they simply dischai'ge their contents 
into the ventricles below. (Figs. 35 and 3G.) (See .Voie fi.) 

The two ventricles, moreover, are upon different levels. 
The right ventricle is somewhat iu front of and above the 
left, so that, in viewing the lieart from the front, we would 
look at the right ventricle, and in viewing the heart from be- 
hind, at the left; the left ventricle, being longer and narrower 
than the right, and projecting below the right, forms the apex 

31. Farmntlaii of the heart f RIgIA uid \ch \iniv'> 
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of the heart. The difCei-euce in the thickness of the wal 
the two venbicles is accounted for by the fact that the right, 
having tliinner walls than the left, has only to pump the blood 
through the lungs, whereas the left ventricle has to pump the 
entire volume of blood through the whole body. The valves 
separating the different chambers of the heart are named as fol- 
lows : that between the right auricle and right ventricle is called 
the tricuspid; that separating the left auricle from the left 
■ventricle, the mitral. There are also two sets of valves guard- 
ug the exit from the ventricles, called the semi-lunar valves. 

23. Action of the Heart. — The substance of the heart is of a 
deep red color, and its libres resemble those of the voluntary 
muscles by which we move our limbs, liut the heart's move- 
ments are entirely involuntary. The advantage of thia ifl 
evident; for if it depended 
upon us to will each move- 
ment, our entire attention 
would he tliua engaged, ^ 
and we would find no time 
for study, pleasure, or even 
The action of the 
heart consists in alternate 
contractions aud e.v]ian- 
sions. JDurhig contraction 
the walls come forcibly to- 
gether, and thus drive'out 
the blood. They then ex- 
pand aud receive a renewed 
supply. These movements 
are called respectively sija- 
iofe and di(w(ofe. The latter 
may be called the heart's 
period of rejiose; and al- 
tliough it lasts only during 
two-fifths of a heart-heat, 

ring the day it amounts to 
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24. A remarkable property of the tissue of the heart is its 
intense vitality. For while it is more constantly a(;tive than 
any other organ of the body, it is the last to part with its vital 
energy. This is especially interesting in view of the fact that 
after life is apparently extinguished, as from drowning, or 
poisoning by chloroform, there yet lingers a spark of vitality 
in the heart, which, by continued effort, may be fanned into a 
flame so as to revivify the whole body. In cold-blooded ani- 
mals, this irritability of the heart is especially remarkable. 





Fio. 88. — Diagram showing the Position Fio. 89. — Diagram showing the Positiok . 

OF TH» VALVRS of THB HeART WHILE OF THE VaLVES OF THE IIeART DURING 

THE Walls are relaxed the Contraction of the Ventricles 

The heart of a turtle will pulsate, and the blood circulate for a 
week after its head has been cut off; and its heart will throb 
regularly many hours after being cut out. The heart of a frog 
or serpent, separated entirely from the body, will contract at 
the end of ten or twelve hours ; that of an alligator has been 
known to beat twenty-eight hours after the death of the 
animaL 

25. Passage of the Blood through the Heart. — Let us now 
trace the course of the blood through the several cavities oi 

94. Remarkable property of the tissue of the heart ? How a\vovitL*t YLcrn \n\AT^%>*<5cci%\ 
In cold-blooded animals ? Heart of a turtle ? Of a fro^ ^ A\\\ga.\.OT ^ 
2ft. Coarse of tbe Mood thron^h the heart? Oovxrae ot \kQaxVc\xTt«u\»\ 
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the heart In the first place, the venoua blood, rendered dark 
and impure by contact with the changing tissues of the body, 
returns to the right heart by the veins. It enters and fills the 
right auricle during its expansion ; the auricle then contracts 
and fills the right ventricle. Almost instantly, the ventricle 
contracts forcibly and hurries the blood along the great artery 
of the lungs, to be purified in those organs. Secondly, having 
completed the circuit of the lungs, the pure and bright arterial 
blood enters the left auricle. This now contracts and fills the 
left ventricle, which cavity, in its turn, contracts and sends the 
blood forth on its journey again through the system. This 
general direction from right to left is the uniform and undevi- 
atii^ course of heart-currents . 

26. The mechanism which compels this regularity is as sim- 
ple as it is beautifid. Each ventricle has two openings, an 
inlet and an outlet, each of which is guarded by strong cur- 
tains, or valves. These valves open freely to admit the blood 
entering from the right, but close inflexibly against its return. 
Thus, when the auricle contracts, the inlet valve opens ; but as 
Boon as the ventricle begins to contract, it closes promptly. 
The contents are then, so to apeak, cornered, and have but one 
avenue of escape — that through the outlet valve into the 
aiteriea beyond. As soon aa the ventricle begins to expand 
again, this valve shuts tightly and obstructs the passage. The 
closing of these valves occ^a-sions the two heai1;-souiida, which 
we hear at the front of the chest. (Figs. 38, 39, 40, and 41.) 

27. Frequency of the Heart's Action. — The alternation of 
contraction and expansion constitutes the heart-beats. These 
follow each other not only with gi-eat regularity, but with 
great rapidity. The average number in an adidt man ia about 
seventy-two in a minute. But the heart is a susceptible 
organ, and many circumstances affect its rate of action. Heat, 
exercise, and food increase its action ; cold, fasting, and sleep 
diminish it. Posture, too, has a curious influence ; for if while 

H. 0|Hnilii)n< nf tfan Tanlrtdet r Uow giiudo) f Uow iln the tbItbi opfnlef Tha 
eoBMi/aaacf f Hesrt-soundi r 
^ Hetit-boUtt Till ilisirtusiiucepUbkon!'"'' ilMt.eunlia, eui.t FgttunI 
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sitting the beats of the heart number seventy-one, standing 
erect will increase them to eighty-one, aucl lying down will 
lower them to sixty-six. (Head Note S.) 

38- The modifying influence of mental emotions ia very 
powerful. Sudden excitement of feeling will cause the heart t^ 
palpitate, or throb violently. Depressing emotions sometimes 
temporarily interrupt its movements, and tlie person faints in 
consequence. Extremes of joy, gi'ief, or fear have occasionally 
suspended the heart's action entirely, and thus caused death. 
The rate of the lieart>beat may be naturally above or below 
seventy-two. Thus it is stated that the pulse of the savage is 
always slower than that of the civilized man. Bonaparte and 
Wellington were very much alike in their heart pulsations, 
which were'less than fifty In the case of each. {Scad Note 0.) 

7. Tlie Heart is Injured by Over-exertion. — " During exertion, if the 
heart is not oppressed, its inovem*^iitB, though rapid and forcible, are reg- 
ular and equal. But when It becomes embarrasaed, the pulBe-beats we 
quick, unequal, and at last become irregular, indicating injur; to the 
organ. All great and sudden eflurts are to be carefully avoided; exces- 
sive exercise often produces palpitation, and sometimes enlargeuient and 
valvular disease o£ the heart." — Hitxley. 

"No great intellectual thing was ever done bj great eSort; a great 
' tiling can only bo done by a great man, and he does it without etfort. 
The body's work and the head's work are to be done quietly, and com- 
paratively without effort. Neither limbs or brain are ever to be etrained 
to their BtmoBt ; that ia not the way in which the greatest quantity of 
work l3 to be got out of them ; they are never to be worked furiously, but 
withtranquillity and constancy. We are to follow the plongh from sunrise 
to sunset, but not to pull in race-boats at the twilight ; we shall get no 
fruit of that kind of work— only disease of the heart," — BiMftfn. 

B. Fainting. — "When the heart suddenly ceases to act, fainiimj or 
swooning is very apt to tahe place. This takes place fur the reason tlial 
the brain feels most speedily the lock of its supply of blood. Many cir- 
cumatances may cause a faint — such as a fright, joy, excitement, the 
sight of blood, or the breathing of foul air ; or it may be due to disease 
of tbe heart. In soma persons, fiuntlng becomes a kind of habit ; they 
lUl into a fainting fit on very slight agitation. In them the appearances 
are much worse than the reality, especially to those who are not familiar 
with tbe ailment. But ijcrsons who laint after exhaustion, fatigue, fast- 
ing, or miguiijli, require prompt atlimtlun. The ordinary signs are great 
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29. Activity of the Heart. — The average number of neart- 
jeats during a lifetime may be consiiiGred aa at the rate o£ 
seventy-two per mimite, although tins estimate ia somewhat 
low, for during several years of early life the rate is above one 
hundred a minut*. In one hour, then, the heart pulsates four 
thousand times ; in a day, one hundred thousand times ; and 
I year, nearly thirty-eiglit million times. If we compute 
the nunilier during a lifetime — forty years being the present 
average longevity of civilized mankind — we obtain as the vast 
aggregate, fifteen hundred millions of pulsations. {Mad Note 10.) 



pallor, loss of sensation, and trembling o£ the limbs and loaa of power 
r the muscles j the breathing and pulse go on imperfectly or stop. 
Tlie first thing to do is to place tlie head low, thus favoring the supply of 
blood to lie brain ; the very act of falling is often sufficient to restore 
consciousness. Water may be sprinkled on llie face, hartshorn held to 
IT mustard over the heart. Pure air ia a great restorative ; 
allow a current of fresh air to (low over the face, and loosen any tight 
bands that may confine the chest." ^Dr. J. Kniyht (in part). 

9. The Eeiut a Vital Hscliine. — -'The heart ia a machine. It is an 
organ constructed of miuicular chambers aud communicating passages, 
and snpplied with mechanical contrivances, adapted to guide the stream 
of blood passing through it, arnJ to prevent a reflux in the backward 
direotion, Does not thla take away wonderfully from tlie character of 
fanciful mystery with which poets and sentimentalists have invested it ? 
The heart that we have always heard of as the centre of the aSections, 
the home of sensibility, the dwelling-place of courage, of faith, of hope, 
and all the rest of the virtues, is after all, nothing but an organ to aerva 
tor the impulsion of the blood ~~a mere force-pump, a machine. Does 
not this bring down our Ideaa, and show that no poetical mystery can 
escape the aearching investigation of the anatomist ? Not at all. 

" For this machine that we carry about with us in our breasts is alive. 
There, at its post, at the central point of the ciraulation, with the soft 
lobes of the lungs folded round it like a curtain, it contracts and relazea, 
and relaxes and contracts, with a steady and unremitting industry that 
by Itself Es something worthy of our admiration. No other muscle in the 
body can do this. By some incomprehensible vitality of its own, it keeps 
up ita rhythmical contractions without the aid of our will and even with- 
out our knowledge. While you are asleep and while you are awake, from 
the first moment of your birth, even from 6e/ore your birth, up to the 
present time, it has never tor one moment stopped or flagged in its more- 
I, for it it were to do so death would be the result." — Dr. J. O. 
Dalton. 
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30. Again, if wg estimate the amount of blood expelled by 
each contraction of the ventricles at four ounces, then the 
weight of the blood moved during one minute will amount to 
eighteen pounds. In a day it will be about twelve tons ; in a 
year, four thousand tons ; and in the course of a lifetime over 
one hundred and fifty thousand tons. These large figures 
indicate, in some measure, the immense labor necessary to 
carry on the interior and vital operations of our bodies. In 
this connection, we call to mind the fanciful theories of the 
ancients in reference to the uses of the heart. They regarded 
it as the abode of the soul and the source of the nobler emo- 
tions — bravery, generosity, mercy, and love. The words cour- 
age and cordiality are derived from a Latin word signifying 
heart. Many other words and phrases, as hearty, Iteart-felt, lo 
learn by heart, and largt-hearted, show how tenaciously these 
exploded opinions have fastened themselves upon our language. 

31. At the present time, the tendency is to ascribe purely 
mechanical functions to the heart. This view, like the older 
one, is inadequate ; for it expresses only a small part of our 
knowledge of this organ. The heart is unlike a simple ma- 
ehine, because its motive power is not applied from without, 
but resides in its own substance. Moreover, it repairs its own 
waste, it lubricates its own action, and it modifies its move- 
ments according to the varying needs of the system. It is 
more than a mere force-pump, just as the stomach is something 
more than a crucible, and the eye something more than an 
optical instrument. {Bead Note 11,) 

32. The Arteries. — The tube-like canals which carry the 
blood away from the heart are the arteries. Their walls are 

10. The Heart. — "Yoaall Itnow where it is. It is the most wonder- 
ful little pump in the world. Tliere is no steam-engine hiilf so clever at 
its work, or so strong. There it is, in every one of us, Ijeat, beating — all 
day and all night, year after year, never stopping, like a watch ticking ; 
only it never needs to be wound up, — God minds it up once for alL" — 
Am^ot of " Bab and HU Frie.nds." 
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made of tough, fibrous materials, so that they sustain the miglitT- 
impulae of tliu heart, and are not ruptured, 
tiie lieart, the arteries liave a deliciituly Biuoc)th lining mem- 
brane. They are also elastic, and thus re-enforce the aotioQ 
of the heart; they always remain open when cut across, and 
after death are usually found empty. 

33. The early anatomists observed this condition, and sup- 
posing that it existed during life, came to the tioiiclusion that 
these tubes were designed to act as air-vessels — hence the 
name artery, from Greek words which signify ■"' containing air." 
This circumstance affords ua an illustration of the mistaken 
notions of the ancients in reference to the internal operations 
of the body. Cicero spealts of the arteries as " conveying the 
breath to all parts of the body." 

34. The arterial system springs from the heart by a single 
trunk, like a minute and hollow tree, with numberless branches. 
As these branches leave the heart, they divide and subdivide, 

mtinually growing smaller and smaller, uutil they can no 

longer be traced by the naked eye. If, then, we continue the 

examination by the aid of a, microscope, we see these small 

branches sending off still smaller ones, until all the organs of 

t "the body are penetrated by arteries. 

35. Hlstoli^ of the Arteries. — The arteries have three prin- 
cipal coats. An inner, or epithelial coat; a middle coat con- 
taining elastic fibrous tissue, and uiistriped muscular fibres 
arranged transversely around the vessel ; and an extei-nal coat 
of condensed connective tissue. The printJipal diifereiiee be- 
tween the larger and smaller arteries is in the structure of 
their middle coat. In the smaller arteries this is composed 
exclusively of miiscnlar fibres. In arteries of medium size it 
contains both muscular and elastic tissue, whilst in thfise of 
the largest calibre it consists of elc^tic tissue only; therefore, 
the large ai-teries possess much elasticity and but little con- 
tractility, while in the smaller these conditions are 
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36. The Pulae. — With each contraction of the left aide of 
the heart, the impulse eai^es a wave-like raotioB to traverse 
the entire arterial Bysteni. If "the arteries were exposed to 
view, we might see suouessive waves speeding from the heart 
to the smallest of the branches. The general course of the ar- 
teries is as far as possible from the surface. This arrangement 
is certainly wise, as it renders them less liable to injury — the 
wounding of an artery being especially dangerous. It also 
protects the arteries from external and unequal pressure, by 
which the force of the heart would be counteracted and wasted 
Accordingly, we generally find these vessels close to the bones, 
or hiding behind the muscles and within the cavities of the 
body. 

37. In a, few situations, however, the arteries lie near the 
surface; and if we apply the finger to any of these parts, 
we shall distinctly feel a throbbing motion taking place in 
harmony with the heart-beat. This is part of the wave-motion 
just mentioned, and is known aa the pulse. All are familiar 
with the pulse at the wrist, in the radial artery j but it is not 
peculiar to that position, for it may be felt in the carotid of 
the neck, in the temporal at the t«mple, and elsewhere, espe- 
cially near the joints. 

38. Since the heai-t-beat makes the pulse, whatever affects 
the former affects the latter also. Accordingly, the pulse is 



a good index of the state of the health, ao far as the health 
depends uimu the action of the heai't It informs the physi- 
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cian of the condition of the circulation in four paxticulara 
— its rate, regularity, force, and fulness; and nearly e\ery 
disease modifies in some respect the condition of the pidse 
A very ingenious instnunent, known as the sphygmograph, or 
piilse-writerj has I'ecently been invented, hy the aid of which 
the pulse is made to write upon paper its own siRuatiiie, or 
rather to sketch its own profile. This instrument shows with 
great accuracy the difference between the pulses of health and 
those of disease. In Fig. 42 is traced the form of the pulse in 
health, which should be read from left to right. That part of 
the trace which is nearly perpendicular coincides with the 
contraction of the ventricles, while the wavy portion marks 
their dilatation. {Head Note 12.) 

39. The Veins. — The vessels by which the blood returns to 
the heart are called veins. They, like the arteries, contain 
three coats, — inner, middle, and exterior. They are largely, 
however, composed of condensed connective tissue, and contain 
a much smaller quantity of muscular and elastic fibres. They 
are consequently more flaccid and compressible than the 
arteries, and* are less elastic and contractile. At first they 
are extremely small; but uniting together as they advance, 
they constantly increase in size, reminding us of the way in 
which the fine rootlets of the plant join together to foim the 
large roots, or of the rills and rivulets that flow together to 
form the large streams and rivers. In structure, the veins 
resemble the arteries, but their walls are comparatively in- 
elastic. They are more numerous and communicate with 
each other freely in their course by means of interlacing 
branches. 

niaety-BiK times ; of a. tapir, forty-four times ; nf a horse, forty times ; of 
a wolf, forty-five times ; of a tax, torty-tliree times ; of a bear, tliirty- 
eiglit times : of a monkey, forly-eigbt times ; of an eagle, one hundred 
and sixty timee. It waa inipossibte to determine tlie beatings of the _ 

elephant's pulse. A butterfly, however. It was discovered, experienc«^^^^^H 
^L siity heart pulsations in a, minute," ^^^^H 
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40. But the chief point of distinction is in the presence of 
the valves in the veins. These are little folds of niembi^ane, 
disposed in auch a way that they open only to receive the 
blood flowing toward tins heart, and close against a current in 
the opposite direction. Their position in the veins on the back 
of the hand may be readily observed, if we first obatmct the 
return of blood by a cord tied around the forearm or wrist. 




fn a few moments the veins will appear swollen, and njwn 
them will be seen certain prominences, almut an inch apart 
Tliese latter indicate the location of the valves, or, rathet, they 
show that the vessels in front of the valves are distended by 
the blood, which cannot force a passage back through them. 

41. This simple experiment proves that the time direction 
of the venous blood is toward the heart. That the color of the 
blood is dark will be evident, if we compare the hand thus 
bound by a cord with the hand not so bound. It also proves 
that the veins lie near the surface, while the arteries a.\:e. 
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beneath the muscles, well protected from pressure; and'tiwit 
free communiciLtion exists from ooe vein to another. If now 
we test the temperature of the oonstcicted member by means 
of a thermometer, we will find that it is colder than natural, 
although the amount of blood is larger than naual. From this 
fact we infer, that whatever impedes the venous circulation 
tends to diminish vitality j and hence, articles of clothing or 
constrained postures, that hinder the circulation of the blood, 
ire to be avoided aa injurious to the health. 

43. The Capillaries. — A third set of vessels completes the 
list of the organs of circulation, namely, the capillary vessels, 
so called (from the Latin word jiupiUarin, hair-like), because of 
their estreme fineness. They are, however, smaller than any 
hair, having a diameter of about i^nji "^ "i* inch, and can only 
be observed by the use of the microscope. These vessels are 
the connecting link between the last of the arteries and the 
first of the veins. The existence of these vessels was unknown 
to Harvey, and was the-one step wanting to complete his great 
discovery. The capillaries were not discovered until 1601. 

43. The flow of blood through the veins is dependent upon 
three different forces. First, the pressure from the capillary 
'circulation, second, the contraction of the muscles, and third, 
the respiration. The pressure from the capillaries is the re- 
maining impulse originally derived from the heart, and as the 
capillary veins increase in size, from the capillaries toward the 
larger veins, the flow is naturally facilitated. The action of 
the muscles ia exerted through their contraction. The veins 
in the arms and legs, as well as in most parts of the body, lie 
between the muscles, so that each contraction of the latter 
squeezes the blood out of the veins and forward towai'd the 
heart, the valves in them preventing any flow the other way. 
The force exerted through the respiration is during the act of 
inspiration. At this time the chest expands and enlarges in 
all directions, allowing the veins of the thorax to fill more 
readily, and thus making room for the blood in the veins 
other parts of the body. (Jiearf Note 13.) 
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44. The circulation of the blood, as seen under the micro- 
scope, ill the tiuuspai'ent web of a frog's foot, is a beautiful 
sight, possessiug more than ordinary interest, from the faot 
that something much graudec is taking pla^e in our own bodies. 
It is like opening s, secret page in the history of oiir own 
frames. We there see distinctly the three classes of vessels 
with their moving contents ; first, the artery, with its torrent of 
blood rushing down from the Jieart; secondly, the vein, with 
its slow, steady streaan fiuwlug iii the opposite direction; and 
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between them lies the network of capillaries, so fine that the 
corpuscles can pass through ooly " in single file." The current 
of the capillaries has here an uncertain or swaying motion, 
hurrying first in one direction, then hesitating, and turning 
back in the opposite direction, aod sometimes the capillaries 
contract so as to be entirely empty Certain of the tissues are 
destitute of capillaries, such ire cartilage, hair, and a few 
others on the esterior of the body In all other structures, 
networks of these vessels are spread oat in countless numbers ; 
so abundant is the supplj, that it is almost impossiljle to 
puncture any part with the point of a needle without lac:erat^ 
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ing tens, or even limidreds of these vesBels. 
and 13.) 

45. The capUlariea are elastic, and may so expand eis to pro- 
duce an effect visible to the naked eye. If a grain of aand, or 
some other" foreign particle, lodge in the eye, it will beeome 
irritated, and in a short time the white of the eye will be 
"blood-shot." This appearance is due to an increase in the 
size of these vessels. A blush is another example of this, but 
the excitement comes through the nervous system, and the 
cause is some transient emotion, either of pleasure or pain. 
Another example is sometimes seen in purplish faces of men 

12, Coorae of the Blood in tlie Capillaries. — " The pheaomeDa of 
llie capillary circulation are only observable with the aid of the inicro- 

pe. It was not granted to tbe discoverer of the circulation to see the 
blood moving through tbe capillaries, and he never kuew the exact mode 

communication between the arteries and veins. After it was pretty 

generally acknowledged that the blood did pass from the arteries to the 

■ aa, it was disputed whether it passed ia an intermediate system of ves- 

I, or became difiuaed in tbe substance of the tissues, like a river low- 
ing between numberless little islands, to be collected by the venous 
radicles aud conveyed to the heart. Accurate microscopic investigations 
have now demonstrated the existence, and given us a clear idea of the 
anatomy, of the intermediate ve^ela. In 1001 the celebrated anatomist 
Malpighi first saw the movement of the blood in the capitlarios, in the 
lungs of a frog. This spectacle has ever since been the delight of the 
physiologist. We see the great arterial rivers, in which the blood flows 
with wonderful rapidity, branching and subdividing, until the blood is 
brought to the superb network of flue capillaries, where the corpusclee 
dart along one by one, the fluid then being collected by the veins, and 
carried in great currents to the heart." — Flint. 

13. Ezpeiiment. Circulation. — The circulation of tbe blood can be 
fairly well illustrated by the aid of a. " Davidson " syringe, some rubber 
tubing, and a piece of glass tubing. 

The bulb of the syringe represents tbe heart, the elastic tubing the 
Lrteries, and the floe glass tubing the capillaries. 

Attach tlie rubber tubing to the smallest nozzle of the syringe (tbe 
tubing should he highly elastic, the black kind ia the best ; it should be 
about one-fourth inch diamel^r), place the other end of the syringe in a 
vessel filled with water. 

Upon compreseing the bulb of the syringe, the water will be seen to 
ume from the tubing lo jets corresponding with the compressions of the 
bulb, hut a little retarded ; placing the finger on the tnbiug but little 

^a. Eiutimi^ortheaiilllarlei} Or^ ol u»iUu tbi^ •^u ! Blush! OUiar (MWl.^^H 
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adiiieted to drinting brandy ; in them the condition is a coii- 
geatiou of the capillary eiifialation, and is permanent, the ves- 
sels having lost their power of elastic coutrafition. 

46. Sapidity of the Circulation. — That the blood moves with 
great rapidity ia evident from the almost instant efEeeta of cer- 
tain poisons, as prussic auid, which a<;t through the blood. 
Experiments upon the horse, dog, and other inferior animals, 
have been made to measure its velocity. If a substance which 

eipansion wQl be felt. Now into the rubber tube insert tlie glass tube, 
whicli should be about two feet long and ba drawn out to a fine point. 
Compreaeing again tlie bulb of tbo syringe, 6lie water will be seen to issna 
from tbe glass point iu a conCinuons stream, and not in an interrupted 
one, as from tlie rubber end. 

Tlie explanation of this is as follows : During eax;h compression uf the 
bulb, the water expands the rubber tubing becanse ila outflow is con- 
siderably l^sened by the reslstajice of the unyielding glass tube and its 
much-narrowed end, and duriug the interval of two aompressions, dnring 
which the bulb fills again, the rubber tubing contracts upon its contents 
(uid slowly expels it. If now the compressions of the bulb are so timed 
that the rubber tubing ia kept stretched, the flow from the glaaa-end will 
be continuous. The finger on the tubing will now feel each stroke of tha 
syringe in tlie decided expansion of the rubber. 

Applied to the ctrculatiuu t>f the blood, this experiment shows the 
following : 

The power of the hand together with the bulb of the syringe represent 
the heart, which, with each contraction, sends its contents forth into the 
BMCTieg. These are well represented by the elastic tubing, as they, in 
reality, are nothing more than that During the systole of the heart 
(the compression of the bulb), they are distended to their full capacity ; 
during the diastole of the heart (represented by the passive filling of the 
bulb), they contract upon their cootents and send it forward toward the 
capillaries and veins. The latter are represented by the glass tubing, 
from which we have seen the water issue in a eortinuous stream. In the 
oa^iillBries and veins the blood Sows in a continuous stream, due to the 
fact that the force of the heart's action is gradually lost m expanding 
the arteries, and is felt less and less the farther they are removed from 
the heart ; the arteries becoming smaller and smaller, the intermittency 
of the flow is lost when the capillaries are reached. 

The expansion which the finger feels when placed upon the rubber 
tubing represents the pulse, which ia tlie maximum distension of the 
artery at that point. 

M, Bhgw wbut Uaie la rei|ulniil (uraelvan {nirtliia uf Uuod Vi Uvib\ qdcu azuiu^ '^^»> 
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is capable of a distinct chemical reaction (as potassium ferro- " 
cyanide, or barium, nilrute) be introduced into a vein on one 
side of a borse, and at the end of twenty or thiity-two seconds 
biood be taken from a distant vein on the other side, its 
presence may be detected. In maii, tlie blood moves with 
greater speed, and the circuit is completed in twenty-four 
seconds. 

47. What length of time is required for all the blood of the 
body to make a complete round of the circiUation ? This 
question cannot be answered with absolute acciiracy, since the 
amount of the blood is subject to continual variations. Kut, 
if we assume tliis to be one-eighth of the weight of the body — 
about eighteen pounds — it will be sufficiently correct for our 
purpose. Now to complete the circuit, this blood must pass 
once through the left ventricle, the capacity of which is two 
ounces. Accordingly, we find that, under ordinary circum- 
atances, all the blood makes one complete rotation every two 
minutes — passing successively through the heart, the capil- 
laries of the lungs, the arteries, the capillaries of the extrem^ 
ties, and through the veins. 

48. That portion of the blood which passes through 
spleen, pancreas, stomach, and intestines differs from the rest 
of the blood in that it has to pass through the liver. This is 
known as the portal division, while that passing through the 
lungs is the pulmonary division, and that through the rest of 
the body the systemic division. All the blood coming from 
the organs above enumerated is collected by the veins, which 
unite to form what is called the portal vein. From here tiie 
blood, tilled with all the products of digestion, passes through 
the cells of the liver, where all the glucose is abstracted from 
the blood and stored up as glycogen. The blood is then col- 
lected in a second set of capillaries, which go to form the 
hepatic vein ; and this in turn conveys the blood to the 
inferior vena cava, and so on to the right aui'icle. The liver 
itself is nourished by fresh arterial blood through the hepatic 
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artery, whinh bloorl, after it has passed through t)nj iiapillaries, 
mingles with the hlood of tlie jjortal capillariea, and is by them 
^ returned to the heart througli tlie hepatic vein. 

49. ABsimilation. — -The crowning act of the circulation — 
the furnishing of supplies to the different parts of the body — 
is effected by ujeans of the capillai-ies. The organs have Iwen 
wasted by use ; the blood has been enriched by the products 
of digestion. Here, within the meshea of the capillary net- 
work, the needy tisanes and the needed nutriment are brought 
together, By gome mysterious chemistry, each tissue selocta 
and withdi'awa from the blood the materials it requires, and 
converts them into a substance like itaelf This conversion 
of lifeless food into living tissue is called aasimilation. The 
process probably takes place at all times, but the period espe- 
cially favorable for it is during sleep. Then the cirmlation is 
slower and more regular, and- most of the funttions are at 
rest. The botty is then like some trusty ship, whi<h, after a 
long vogagc, is " hauled up for repairs." {Bmd Note 14.) 

50. Lymph and the Lymphatic System. — As the blood circu- 
lates through the capillaries of the body, a good deal of its 
liquid portion, tlie plasma, passes through the walla of the 
capillaries into the stin'oimdiiig tissue cells. This plasma is 

14. AMiinilatioti in Repsir. — " Most animalH have the power to 
repair, to a. greater or leas extent, tlie mutilations they undergo. Id 
man, if the gklii is torn off, a new slfin heals over the Injury, and a broken 
bone is caused to re-unite by the deposit of bone tissue twlween the frag- 
menta. But among the lower animala this power is carried to a high 
degree. The tail of a lizard, it cut off, will quickly form anew, although 
of a compIeK structure ; and spider* and crabs are able to develop new 
olawB upon the stumps of brokei) ones. Obaervations miule on salaman- 
ders, or water-lizards, show the still more remarkable fact that the eye 
and a part of the head may be entirely restored. Certain kinds of earth- 
worms can reproduce a large. portion of their bodies, and any fragment of 
the hydra is able to restore Itself, and become a oomptele creature after ita 
kind. AsslDlilntlon i£ eHpeoially nclive in early years, while the body is 
growing \ for this reason, amou); others, the perfect health of children 
requires that they shall give a greater number of hours to sleep — deep, 
regular, and undisturbed sleep — than is needed in later life." — MUne 
Ediaardn. 
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here called lymph, and conveys rourishment to the cells; the 
latter being bathed constantly by the lymph, extract therefrom 
what they require for nourishment, and excrete into it their 
waste materials. The lymphatic system begins in irregular 
spaces between the cells, which gradually unite to form small 
lyraph capillaries, which gradually increase and unite to form 
larger and larger vessels, which finally end in the large thoracic 
duct. This duct ascends through the abdomen and chest to 
the root of the neck, where it is joined by lymphatics from the 
left aide of the head and the left ujiper extremity, Mid empties 
itself into the left subclavian vein. 

51. The lymphatic vessels from the right side of the head and 
neck, and the right upper extremity, form the right lymphatic 
duct which terminates in the right subclavian vein. Thus the 
lymph collected from the tissues of the entire body is mingled 
with the venous blood a little before its arrival at the right side 
of the heart Along the course of the lymphatic vessels thi-ough- 
out the body are found numerous glands, called lymphatic 
glands, through which the lymph percolates in its flow toward 
the heart. The function of these glands is not definitely 
known, but they are supposed to produce the white globules 
of the blood, as they contain numerous cells in structure 
and appearance identical to them. The lymphatic vessels are 
supplied with nuinerous valves, in structure like those of the 
veins, and the flow of lymph through the lymphatic system is 
dependent upon the same causes which govern the flow of 
blood through the veins. 

52. Injuries to the Blood-vessels. — It is important for us to 
be able to discriminate between an artery and a vein, in the 
case of a wound, and if we remember the physiology of the 
circulation we may readily do so. For, as we have already 
seen, hemorrhage from an artery is much more dangerous than 
that from a vein. The latter tends to cease spontaneously 
after a short time. The arterial blood flows away from the 
heart with considerable foree, in jets, and its color is bright 
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scarlet. The venous blood flows toward the heart from that 
side of the wound farthest from the heart, its stream being* 
contiiiiious and sluggish; its color is dark. In au injury to 
an artery, pressure should be made between the heart and the 
wound, while, in the case of a vein that persistently bleeds, it 
should be made upon the vessel beyond its point of injury, 

53. ECecta of Alcohol upon the Heart. — The first symptoms 
after a moderate dose of alcohol is au increase of t!ie heart's 
action, a flushing of tho face, a sensation of warmth within, a 
general glow without, and some other appearances of increased 
vitality. The action has been that of a spur or goad. It has 
caused strength to be expended instead of increasing it, and, 
in fact, costs the system whatever amount of force is neces- 
sary to expel it ; so that theru is a loss of strength) and not 
a gain. 

54. The late Dr. Parkes made a careful study of the amount 
of strain put upon tlie heart by alcoliol. He found that it 
increased both the number and foi'ce of the heart's pulsations. 
The period of rest between the beats is reduced, and, conse- 
quently, the heart's nutrition must bo interfered with. He 
estimates, in one get of experiments, that the extra work of 
the heart, induced by alcohol, was equivalent to tlie lifting of 
15.8 tons one foot daily ; and during two days, 24 tons in excess 
of the regular work. Another experimenter states that he has 
known a single glass of liquor to cause 8000 extra heart-beats, 
et][uivalent to the unnecessary lifting of 9 tons the distance of 
one foot. Estimated in another way, this amount of overtax 
of the heart is equal to that which takes place, during one day, 
in a persi.m having a fever that raises the pulse six to nine 
beats above the rate of health. 

55. Alcohol as a Fat Producer. — Alcohol is naid to diminish 
waste, ami to make those " fleshy " who use it. Thia may well 
be the case in those — and the proportion is not small — who 
are rendered sluggish and sleepy by it. The fat which they 
•acquire is the fat of inaction. If we may judge of tW X.^lnis. 

08. niiB-iluflSBlcolioVpirecmie' 
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ranflLLence of alcohol by experiments on the lower animals, thafcj 
ipelled to take it pure, we wiU not grant it any fattening ] 
■ power. 

66. There ia a certain " fatty degeneration " in man — the 
B result of alcohol drinking — that is very disasti'ous, namely, a 
% deposit of fat in the muscles of the hody. This is destructive 
I Or weakening to muscular power, and when it evinces itself ia.. 
I'ihe heart, it creates a change that is to be dreaded as sapping! 
r the strength of the one particular organ that should be stroi^ J 
in drinkei's. It attacks them at a vital spot. The blood also J 
undergoes a fatty change which greatly impairs its work of | 
nourishing the body. 

57. Exhaustion Due to Alcohol. — The heart does not hecomol 
habituated to the poison nor become tolerant of it. On the J 
contrary, it is set moving, with this abnormal activity, vdthf 
each renewal of the dose. This form of exertion is not exep-" 
cise, it is overwork ; it is not strengthening, it ia e 
Very few pei'sons who habitually use alcoholic stimulants ar6'3 
Bware of the enormoui^ strain that is imposed upon the heart,! 
although to those who studiously consider the mattec th^| 
Wonder is that this organ is not more rapidly worn out thi 
it is. If it were not for the fact that the heart is made of thA] 
.strongest muscular tissue in the body, it would of Qeceseil^jr'l 
fail from overstrain long before it does. 

' 68. The condition of the heart, mentioned in the last sectioi^ ,1 
is known to pliysicians as " fatty heart," and in part explaiuB J 
why it is that drunkards are so little able to withstand tho.^ 
attack of those diseases which are attended by fever. It is ■ 
welbknowu fact that they are among the fii'st to succumb t 
cholera and other epidemic diseases. Sunstroke is anotheB.J 
disorder peculiarly frequent in that class of persons ; and t 
indicate that fact some physicians apply the term "drinb 
stroke " to that c 
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59. Action of Tobacco on the Heart. — Tobacco both quickens 
and enfeebles the heart. In some of those who habitually use 
it, it gives rise to a throbbing or heaving sensation in the 
region of the heart, an exaggerated kind of palpitation; at 
times, this is so tumultuous that the patient fears lest his last 
hour has come. In other cases, there is a weak and irregular 
heart-beat, caused by tobacco poisoning. This is not so alarm- 
ing to the patient as the conditioil just mentioned, but is no 
less dangerous and much less easily cured. It is apt to injure 
a man's capacity for business affairs, being repressive of health- 
ful energy and exertion. 

69. What two noticeable effects from tobac«o ? 
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Courerted into arti-rinl bloixl by aliBO?pi^^^H 

of oxygen , ^^^^H 






n»=p. ^^H 




Quantity . . 


One-tenth tht weight »r tl.e l>i>dy. ^^^H 




Source . . . 


Ptoima of blood by dsuidsIs. .^^^H 




Uaea , - . . 


Lymphatic rapiUnriea. ^^^^^H 


LYMPH . . 


AppaistuB . . 


ducts. ^^^^^^^^^^^1 




Cauaea of 


Muscular action. ^^^^^^^^^^^^| 


^ 


Clreolation 


Beapitatiao. ^^^^^^^H 
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■< Fa ci-al, »upiih( 
' L Tem'po-ral, auppliel 

Thfi TruDk 
Tbe A-o['ta, arising Irom the heart, Is the main arterial Crunk. 
Cot'(^na-ly, supplies tlje walls ol the heart. 
BidD'chi-al, supplies the tuugs. 
la-toi^os'tals, supply the wa.lla o( the cheat. 
Ou'tric, supplJBB the stumach. 
He-pat'ic, aiipplios the liver. 
Splen'ic, supplies Cbe spleen. 
Ra'nil, supplluB the kiiiiiey. 
Mas-en-ter'icB, supply the bowels. 
Spi'oal, Buppliea the splual curd. 

The Upper Limb 



Ra'dl-al, I g„ppiy the forearm sod fingan. 



The Lower Limb 
Branches of the Fem'o-ral, supply the bip nnil thigh. 
■' " Pop-li-tea!, ) 

" " Tib'i-al, [ supply tbe leg and foot. 

" " Per-o-ne'al, ) 



QUESTIONS FOR TOPICAL REVIEW 

. In what organisms is the so-cnlled circiilatoty fluid found ? 1S2 

:. How Isltiluslgnated in tlie different orKanUnln? IB^ 

h What ean you state of the hupoMance of bluud to Che bnijy ? ISS 

, Of Its great abondance, color, and composition ? IB2, 108 

I, Describe cbe corpuscles uf the human blood 103, 151 

i. What issaiil of them In eomunriaou with those of tbe lower animals? 133 
'. Of the Importance uf aomeliiiieH detecting human f roia •iU\kt \i 
I. Wliat means have we of detecting blood in BpotBOTSta.'oiil-.. 
^Vbat Is meant b^ coagulaCJDn of tbe bloods 
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). What wisdom is there In the law of tbe blood's coagulation ? 155, 156 

I. How 13 this wisdom made maniteat ? 15« 

!. lu wh&t leases la tlii; aid. ut the surgeon required ? Vfi 

i, Wliat are tlie two great oses of the hlood ? 166, 157 

\. Thnnigh. what mediuiuB Is the blood provided with new material and 

relieved of the old material 1 157 

i. What do you understand by the opertttion called transfusion ?.,,.. 157 

i. What cases of transFusiou are reported of the lower animals ? 1S8 

'. What can yon state of transfusion as practised upon man? IQT, IBS 

I. What further can yuu say OD the subject? 168 

>. Wliat changes take place in the color of tiie blood In its Joomey 

through the system ? 15S 

I. BtaCe all yoa cau iu relatiuti to the circulation of the blood IG9 

. All, lu relation to the size, shape, and location of the heart 100, ISt 

I. How is the loss of power in the heart-iaovementa obviated ? 161 

i. Qive a descrlptiuu of the formatioti of the heart 161 

:. What can you slAte of the ventricles and auricles of the heart 7 161 

.. Describe the action of the heart 183 

i. What special vitality does the tissue of the heart poHseas ? 163 

. State all yon can on the subject 163 

I. Describe the course of the blood through the cavities of the heart. 163, 164 

I. Describe the mechanism that n^ulates the heart-currents 161 

>. How do yon account for tbe two heart-sounds at the front of the 

chest 7 1B4 

- State what you cau ot tbe frequency ol Uie bean's action 164, 101} 

. Ot the activity of the heart 166, 187 

'• What do yoD onderstand by the arteries ? 107, 16S 

. State what you can ot the arteries and the arterial system 168 

. What do you understand by the pulse? 1(!9, 170 

. In what part ot the body may the pulse be telt7 169 

. What further can you state of the pulse? 160 

. What are the veins 7 170 

'. Where do they exist, and bow are they formed 7 170 

. Describe tbe valves of the veins and their uses 171, 178 

. Nowglveafulldeiicriptlonol the construction of the veins 171,172 

. What further can you state of the veins? 173 

. What do yon understand by tbe capillaries 7 173 

. What service do the capillaries perform 7 173, 174 

. What can you state ot the rapidity of the blood's circulation ? . . . 17S, 176 

. Of tbe process known as assimilation ? 177 

. Of Injuries to the blood-vessels? ITS 

. What is the effect of alcohol upon the heart?. . : 179, 180 

. WbntIsi«ildotalcobolaBaIat^rodttc«i7 180 
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The ObjecU of Seapiration — The Lnngs — 3Xe Air-passages — The 
Movemenis of EespiralioH — Expiration and Inaiilratioit — The Fre- 
quency of BesptraCion — Capacity of the Lungs — The Air we Breathe 
— Ckartgea in the Air from Sespiration — Changes in the Blood — 
IMerehaiige of Oases in the iunj/s— Comparison betteeen Arterial 
and Venous Blood — Bespiratory Lahor — Impurities of the Air — 
Dust— Carbonic Acid — Efectt of Impure Air — Nature's Frovislon 
for Purifying the Air — Ventilation — Animal Beat — Spontaneoat 
CombitUion 

1. The Object of Respiration. — In one set of capillaries, or 
hair-like vesaels, the blood ia impoverished in order to support 
the difFerent members and organs of the body. In another 
capillary system the blood is refreshed and again made fit to 

" sustain life. The former belongs to the greater or systemic cir- 
culation; the latter to the leaser or pulmonary, so called from 
pulmo, the lungs, in which organs it is situated. The bljaod, as 
Bent from the right side of the heart to the lungs, ia venous, 
dark, impure, and of a nature hurtful to the tissues. But, 
when the blood returns from the lungs to the left side of the 
heart, it has become arterial, bright, pure, and no longer injuri- 
oua. This marvellous purifying change is effected by means 
of the very familiar act of respiration, or breathing. 

2. The Lungs. — The lungs are the special organs of respi- 
ration. The.e are two of them, one on each aide of the chest, 
which cavity they, with the heart, almost wholly fill. The 
lung-substance is soft, elastic, and sponge-like. Under pres- 
sure of the finger, it crepitates, or crackles, and floats when 

1. DlirereDce bfltwssii the two uU of cuplUuies ? Ohmiga elTHMd bf reB[rfnIloii or 
trwtliliiKt 

1. Wlut ■!« tha hiDS'I Ugw muiy lungB mn than I lAag-u£M»&w^ Va'ViosiW- 
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thrown into water ; these properties being due to the presenaS' 
of air in the minute air-cella of the hings. To facilitate the 
__ movements necessary to these orgajis, each of tliem is provided 
with a double nivering of an exceedingly smooth and delicate 
membrane, tailed the i>lmira. (Jne layer of the pleura is 
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attached to the walls of the chest, and the other to the f 
and they glide, one upon the other, with utmost freedom. 
Like tlie membrane which envelops the heart, tlie pleura 
secretes its own lubricating fluid, in quantities sufficient t 
keep it always moist. 

3. The Air-PsBSflges. — The lungs communicate with I 
estemal air by means of t'ertaiii air-tulies, the longest ot 
which — the trachea, or windpipe — runs along the front of 
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the neck (Fig. 47, E, and 48j. Within the chest this tnbe is 
divided into two branches, one entering each lung; these in 
turn give rise to uumcrDua branches, or bi-unchial tubes, aa 
they are called, which gradually diminish in size until they 
are about one twenty-fifth of an inch in. diameter. Each of 
these terminates in a cluster of little pouches, or "air-cells," 
having very thin walla, and covered with a capillary network, 
the most intricate in the body (Fig, 49). 

4. These tubes are somewhat flexible, sufficiently so to bend 
when the parts in which they are situated move , but they are 





greatly strengthened by bands or rings of cartilage which keep 
the passages always open; otherwise there would be a con- 
stantly-recurring tendency to collapse after every breath. The 
limg-aubstance essentially consists of these bronchial tubes 
and terminal air-cells, with the blood-vessels i-amifying about 
them (Pig. 50). At the top of the trachea is the larynx, a 
sort of box of cartilage, across which are stre-taVvai. ■Ooe, -icjii^ 



lOIBttvftbtbroaahlmltaiieti 'Wbat Iiuttun a 
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corda. Here the voice is produced chiefly by the passage of the 
respired air over these corda, causing them to vibrate (Fig. fil) 
5. Over the opening of the larynx is found the epiglottis, 
which fits liie the lid of a box at the entrance to the bmgSf 
and cloaca during the act of swallowing, so that fijod and 
drink shall pass backward to the cesophi^us, or gullet (Fig. 
61), Occasionally it does not close in time, and some sub- 
stance iptrudes within the larynx, when we at once digoover, 
by a choking sensation, that " something has gone the wrong 




way," and, by coughing, we attempt to expel the unwelcome 
intruder. The epiglottis is one of the many safeguards fur- 
nished by nature for our security and comfoit, and ia planned 
and put in place long before these organs are brought into 
actual use in breathing and in taking food- 

6. The air-passages are lined throughout almost their whole 
extent with mucous membrane, which keeps them in a con- 
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stautly niokt condition. 'Iliia tnambraue lius fells of a 
peculiar kind upon its outer surface. If examined under a 
powerful microscope, we may see, even for a considerable time 
after their removal from the body, that these cells have laiimte 
hair-like processes in motion, which wave like a field o£ grain 




under the influence of a breeze (Tig- ^2). This is a truly- 
beautiful sight; and since it is foiuid that tliese little cilia, as 
they are called, always produce currents in one direction — 
from within outward — it is prokiblc that tV^ -yavNe. %.^isfe\.v^ 
a in catching and carrying away faom 'Oaa V^vg- ^^^'^ 
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and other small particles drawn in with the breath (Fig. f 
The three diseases which more commouly affect the lungs, ae 
i result of exposure, are pneumonia, or iniiaimnation of the 
lungs, affecting, principally, the air-cells ; bronchitis, an inflam- 
mation of the large bronchial tubes ; and pleurisy, an inflamma^ 
tion of the pleura, or outside wrapping of tlie lungs. Among 
:he young, an inflammation of the trachea takes place, known 

7, The Movements of Respiration. — The act of breathing has 
two parts — (1), iu^iration, or drawing air into the lungs, ajid 
(2), eq>irulwn, or driving it out again. In inspiration, the 

chest extends in its length, breadth, 
and height. The motion outward and 
upKiiid o^n lie observed every time 
we di^w a full breath; and is, caused 
by a lifting of the ribs. But the mo- 
tion downward is not so ajiparent, as 
it IS caused by a muscle within the 

lta.M.-CiLiiTTin Cbi.19 ihoult body Called the dia2>hragm. This is 
the thin partition which separates the 

chest from the abdomen, rising like a dome within the chest 

(Fig. 22). 

8. With every inspiration tie diaphragm contracts, and in 
BO doing, approaches more nearly a level surface, and thus 
enlarges the capacity of the chest. Laughing, sobbing, and 
sneezing are due to sudden action of the diaphragm. On the 
proper aeting of thia muscle depends our jwwer to breathe 
deeply; and like other muscles, its strength is increased by 
exercise. This gives that endurance, or "long wind," as it is 
commonly called, which is posseased in a marked degree hy 
the mountaineer, the oarsman, and the trained singer. The 
habit of taking frequent and deep inspirations, in tlie erect 
position, -with the shoulders thrown bacTt, tends greatly to 
increase the capacity and power of tlie organs of respiration. 




tofUrealhiligr 1 



i[«ndlL|^^^^H 
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9. Expiration is a less powerful act than inspiration. The 
diaphragm relaxes, and ascends in the form of a dome; the 
ribs descend and contract the chest; while the lungs them- 
selves, being elastic, assist to drive out the air. The latter 
paaaea out through the same channels by which it entered. 
At the end of each expiration there is a period of repose, last- 
ing about aa long as the period of action. 

10. Frequency of Respiration. — It is usually estimated that 
we breathe once during every four beats of the heart, or about 
eighteen times in a minute. There is, of course, a close rela- 
tion between the heart and lungs, and whatever modifies the 
pulse, in like manner affects the breathing. When the action 
of the heart is hurried, a larger amount of blood is aent to the 
lunga, and, aa a conseq^uence, they must act more rapidly. 
Occasionally, the heart beats ao very forcibly that the lungs 
cannot keep pace with it, and then we experience a peculiar 
sense of distress from the want of air. This takes place when 
we run until we are "out of breath." At the end of every 
fifth or sixth breath, the inspiration is generally longer than 
usual, the effect being to change more completely the air of 
the lungs. {Read Note 1.) 

1. Experiment. Xhe Lungs — Reaplrfttioo. — Obtain from your 
butcher a pair of ebeep'a or calf's lungs ; tbey sbould be cut out with 
great care, ho aa not to be injured in any part. Insert the nozzle of a 
pair of bellows into the trachea and tie it securely ; then inflate the lungs 
folly, and tie the trachea just below the point of the nozzle very sectuuly, 
ao that no air escapes. Now hang the lungs up to dry. If there is no 
h(JIe in any part of them, they will retain the air aulficiently long to allow 
the air-cells to dry in this distended state. During the drying tlie lungs 
will shrink somewhat, but that will not interfere with the demonstration 
of the specimen. When thoroughly dry, cut through both lungs length- 
wise (aet Fig. 50, page 180) with a long, sharp knife. Tou will then obt^n 
a very interesting and Talunble apeciinen, which will keep for a long time 
If protected from dnst. It ehowe the trachea and its structure, bronclii 
and their subdivision, and the terminal air-cells. 

The presence of carbonic acid gas in the expired air may be demon- 
strated by blowing air through some perfectly clear lime water, by mea;is 
of a glass tube. Carbooic acid gas produces a chemical change in the 
lime coutaiaed ia the water, transforming it into carbonate Qi^:avb,'-«\a^i. 
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11. Although, S.S a general rule, the ^vork of respiration g 
1 uneonsoiously and without exertion ou our part, it is, nevef;] 
, uuder the control of the will, IVe can increase c 
' diminiah the frequency of ita acta at pleaaure, and we can J 
"hold the breath," or arrest it altogether for a ahort timfc. I 
[ From twenty to thirty eeconda is ordinarily the longest period ' 
r in which the breath can be held ; but if we first expel all the 
impure air from the lungs, by taking several very deep inspirar 
' tioDs, the time may be extended to one and a half or even two 
- minutes. This should be remembered, and acted upon, before 
passing through a burning budding, or any place where the a 
"a very fonl. The arrest of the respiration may be still furthc 
I prolonged by training and habit. It is said that the pearl-l 
fishers of India can remain three or four minutes under watej'J 
without being compelled to breathe. 

Capacity of the Lungs. — The lungs are not filled aiulf 
emptied by each respiration. For while their full capacity, io I 
the adult, is three hundred and twenty cubic inches, or n 
than a gallon, the ordinary breathing air is only one-sixteenth ■ 
part of that volume, or twenty cubio inches — being two-thipdai« 
of a pint. Accordingly, a complete renovation, or rotation, Qt*! 
the air of the Inngs does not take place more frequently than 
about once a minute ; and by the gradual introduction of the 
external air, its temperature is considerably elevated before it 
reaches the delicate capillaries that surround the airmella. Ib ., 
tranquil respiration, less than two-thirds of the breathing powef^ 
is called into exercise, leaving a reserve capacity of about o 
hundred and twenty cubic inches, equivalent to three and o 
half pints. This provision is indiapensable to the continui 
tion of life; otherwise, a alight interference with respiration 
— by an ordinary cold, for instance — would suffice to out j 

is insolulile in water. After the air has been blown through for a few 

fflinuteB, the water beoonieg tarbid, and after a longer lime, milky- Upon 

■tandlug, \iuM milkinesB subaliloH to the botloin in the form of a 

. der, aarbonate of lime. 

jilntlon cunCroUed by (lie wllir AilvmiUKe of the iLnnnledKe to as 
milyoT IheiaoBst Time requlnil U reugVKM ttie *lrU Uitlniw 
loo > Iminiraaoa of llie jiruvldluu ! 
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off the necessary air, and the spark of life would be speedily 
extinguished. "^^^/ '^/ 

13. The Air we Breathe. ■^— The earth is enveloped on all 
sides by an iuvisible fluid, called the atmosphere. It forms a 
vast ocean of- air, forty-five miles deep, encircling and per- 
vading all objects on the earth's surfai^e, and is absolutely 
essential for the preservation of all vegetable and animal life 
— in the sea, as well as on the land and in the air. At the 
bottom, or in the lower strata of this ocean of air, we move 
and have our being. Perfectly pure water will not support 
marine life, for a fish may bo drowned in water from which 
the air has been exhausted, just as certainly as a mouse, or 
any other land animal will perisb if held under water for a 
short time. The cause iti the same in both cases — the animal 
is deprived of the requisite amount of air. It is also stated, 
that if the water-supply of the plant be deprived of air, ita 
growth is checked. i^Bi'ini ^'ole 2.) 

14. The air is not a simple element, as the ancients sup- 
posed, but ia formed by the mingling of two gases, known to 

3. The Atmosphere. — " It Burroundsus on all sides, yet we see knot; 
it pressea nn u»t wltli a load of fifteen poundH to every squHre inch of sur- 
face of our bodies, or from aeventy to one hundred tonH on ua in all, yet 
we do not so mucb as feel its weight. Softer tbaa tbe softest down — 
more impalpable titan tbe finest gossainer^it leaves the cobweb nndie- 
tnrbed, and aoarcely stirs the lightest flower that feeds on the dew it eup- 
plieai jet it bears the fleet* of nations on itB wings aronnd the world, 
and crushes the most refractory substances beneath ita weight. When In 
motion, its force is sufficient to level the most stalely forests with tbe 
earth ; to raise the waters of the ocean mto ridges like mountainB, and 
dash tbe strongest ships to pieces like toys. It trends the rays of tbe sun 
from tbeir path, to give ns the twilight of evening and of dawn ; it dis- 
peises and refracts their varioiw tints, to beautify the approach and 
retreat of the orb of day. But for tbe atmosphere, sunshine would bniBt 
on OS and fail us at once, and at once remove us from midnight darkness 
to the blaze of noon. We shonld have no twilgbt to soften and beautify 
the landscape, no clouds to shade us from the scorching heat ; but the 
bald earth, m it revolved on its axis, wouUl turn its tatmed and weakened 
front to the full and unmitigated rays of the lord of day." — Bviah. 

Tof Hon titgh or deep I Mow ossentiBl UiUft I Mirta* \»Sa Vu \Kt- 
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the chemist as oxygen and nitrogen, in the proportion of one 
part of the former to four parts of the latter. These gases are 
very unlike, being almost opposite in their properties : nitrogen 
is weak, inert, and cannot support life : while oxygen is power- 
ful, and incessantly active, and is the essential element which 
gives to the atmosphere its power to support life and com- 
bustion. The discovery of this fact was made by the French 
chemist, Lavoisier, in 1778. 

15. Changes in the Air from Respiration. — Air that has been 
once breathed is no longer fit for respiration. An animal con- 
fined within it will soon die ; so, also, a lighted candle placed 
in it will be at once extinguished. If we collect a quantity of 
expired air and analyze it, we shall find that its composition 
is not the same as that of the inspired air. When the air 
entered the lungs it was rich in oxygen ; now it contains 
twenty-five per cent, less of that gas. Its volume, however, 
remains nearly the same — its loss being made up by another 
and very different gas, which the lungs exhale, called carbonic 
add gas, or, as the chemist terms it, carbon dioxide. 

16. The expired air has also gained moisture. This is no- 
ticed when we breathe upon a mirror or the window-pane, the 
surface being tarnished by the condensation of the watery vapor 
given off by the lungs. In cold weather, this causes the fine 
cloud which is seen issuing from the nostrils or mouth with each 
expiration, and contributes in forming the feathery crystals of 
ice which decorate our window-panes on a winter's morning. 

17. This watery vapor contains a variable quantity of ani- 
mal matter, the exact nature of which is unknown ; but when 
collected it speedily putrefies and becomes highly offensive. 
From the effects, upon small animals, of confinement in their 
own exhalations, having at the same time an abundant supply 
of fresh air, it is believed that the organic matters thrown off 
by the lungs and skin are direct and active poisons ; and that 

15. Air once breathed? An animftl in it? A candle? Analysis of expired air? 
Change in volame ? 

J0. What else has the expired air gained ? When and where noticed f 
JT, Nstun of the wBtery f^por t Its effects upon animals ? 
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to such emanations from the body, more than to any other 
cause, are due the depressing and even fatal results which 
follow the crowding of large numbers of persons into places 
of limited capacity. {Bead Note 3.) 

18. History furnishes many painful instances of the ill 
effects of overcrowding. In 1756, of one hundred and forty- 
six Englishmen imprisoned in the Black Hole of Calcutta, 
only, twenty-three, at the end of eight hours, survived. After 
the battle of Austerlitz, three hundred prisoners were crowded 

into a cavern, where, in a few hours, two-thirds of their num- 

^ • 

8. The Two Breaths. — " Every time you breathe, you breathe two 
different breaths : you take in one, you give out another. The compo- 
sition of those two breaths is different. Their effects are different. The 
breath which has been breathed out must not be breathed in again. .To 
tell you why it must not would lead me into anatomical details, not quite 
in place here as yet ; but this I may say : those who habitually take in 
fresh breath will probably grow up large, strong, ruddy, cheerful, active, 
clear-headed — fit for their work. Those who habitually take in the 
breath which has been breathed out by themselves, or any other living 
creature, will certainly grow up — if they grow up at all — small, weak, 
pale, nervous, depressed, unfit for work, and tempted continually to 
resort to stimulants and become drunkards. 

" If you want to see how different the breath breathed out is from the 
breath taken in, you have only to try a somewhat cruel experiment, but 
one which people too often try upon themselves, their children, and their 
work-people. If you take any small animal with lungs like your own — 
a mouse for instance — and force it to breathe no air but what you have 
breathed already ; if you put it in a close box, and, while you take in 
breath from the outer air, send out your breath through a tube into that 
box, the animal will soon faint ; if you go on long with this process, he 
will die. * * * * What becomes of this breath which passes from 
your lips ? Is it merely harmful, merely waste ? Grod forbid I God has 
forbidden that anything should be merely harmful or merely waste in this 
so wise and well-made world. The carbonic acid gas which passes from 
your lips at every breath is a precious boon to thousands of things of 
which you have daily need. For though you must not breathe your 
breath again, you may at least eat your breath, if you will allow the sun 
to transmute it for you into vegetables ; or you may enjoy its fragrance 
and its color in the shape of a lily or a rose. When you walk in a sun- 
lit garden, every word you speak, every breath you breathe, is feeding 
the plants and flowers around.'' — Bev, Charles Kingsley on the Two 
Breaths* 
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B ber died. On board a steamship, during a stormy night, one 
■ hundred and fifty passengers were confined in a small cabin, 
H but when morning came, only eighty remained alive. 
H 19, Changes in the Blood from Respiration. — The most strik- 
H ing change which tlie blood undergoes by ita iiassage through 
U tlie lungs, is the change of color from a dark blue to a bright 
red. That this change is dependent upon respiration has beea 
fully proved by experiment. If the trachea, or windpipe, of q 

living animal be so compressed as to exclude the air from ths 

lungs, the blood in the arteries will gradually grow darkafjl 
until its color is the same a.") that of the venous blood. Whei^B 
the pressure is removed, the blood speedily resumes its briglikj| 
hue. Again, if an animal breathes an atmosphere oontainiiiffl 
more oxygen than atmospheric air, the color changes froBfcfl 
scarlet to vermilion, and becomes even brighter than arteru ~ 
blood. This change of color is not of itself a very import 
matter, but it indicates a most important change of i 
position. (See Ifote 4.) 

BO. The air, aa we have seen, by respiration loseg oxygi 
and gains carbonic a«id gas ; the blood, on the contrary, gaii 
oxygen and loses carbonic acid gaa. Oxygen is the food of tibS 
blood corpuscles ; while the articles we eat and di'ink go mors 
directly to the plasma of the blood. The air, then, it is plain, 

4. Experiment. Changes in tbe Colnr of the Blood. ^'Fbe chtuig 

prodaued in the blood by tbe atmoapbere are of eaay demoiwtretie 
before a claaa. Ohtiiiu from a butcher arrnie freslily " wliipped" hlo(>L 

i.e., blood rapidly stirred witli a bundle of Iwiga while it ia'being dran 

from tbe animal. This removes nil the fibrin, and tlie blood no longer 
coagulates. Upon Btandln^. this gradually aseumee a dark-brown color. 

To show that the atmosphere, or rather the oxygen in the atmosphere, 
produoes the bright red or arterial blood, fill a pint bottle of white glass 
about one-t)iird full with tliis dark blood, and shake it briskly ; it will 
very promptly aesume a brighter color. The eame, or a rather better 
result may he obtained by blowing air ihi'ough the blood by meana of a 
glass tube inserted into the bottle nearly to tba bottoni. After hftving ^^^1 
I blown air through for a few lulnutea, the blood a«.sunieB a bright acarls^^^^l 
H oolur. Upon standing it again ^adiially grows dark. ^^^^^| 

I }». VhMiiga la the blvtfl tmm 'i,\iia la tai. )J)Hin whsl duui Uie chiib^ ilspand t B<^^^^^^| 

At Thai does a,, H!r loss tad g^a by reai-inHiua^ Wh<il, t^ U<»&> Uiufaa^^^^^H 
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I 
is a sort of food, and we should undoubtedly so regard it, if it 
were not for the fat't that we require it isonstantly, instead of ' 
taking it at stated intervals, as is the case with our articles" ' 
of diet. Again, as the demand of the system for food is 
expreaaed by the aeuBation of hunger, bo the demand for air is 
marked hy a painful senaatiou called suffocation, 

SI. Intercbange of Gases In tbe Ltmgs. — 'B\it the air and the 
blood are uot in contact, as they are separated from each other 
by the walls of the air-cells and of the blood-vessela; How I 
then do tlie two gases, oxygen and carbonic acid gas, exchange 
places? Moiat animal membranes have a property which 
enables them to transmit gases through their siibstance, 
although they are impervious to liquida. This may be beau- 
tifully shown by suspending a bladder containing dark venous 
blood in a jar of ostygen. At the end of a few hours the 
oxygen will have diininiahed, the blood will be brighter in 
color, and carbonic acid gas will be found in the jar. j 

a. If this interchange take place outside of the body, it 1 
must take place more perfectly within it, where it is favored 
by many additional circumstance a. The walla of the vessels 
and the air-c«lls ofEer no obstacle to this process, which is 
known as gaseous diffusion. Both parts of this process of 
exchange are equally important. Without oxygen life ceases ; 
if carbonic acid gas is not thrown off, it acts like a poison, pro- 
ducing unconsciousness, convulsions, and death. 

23. Difference between Arterial and Venous Blood. — The fol- 
lowing table presents the essential points of difference in tlie 
appearance and composition of the blood, before and after its 
passage through the lungs: i 

I'evnus Biuod. Arferial Blood. j 

Color, Dark blue, Scarlet. 

Oxygen, 8 p«r cent,, 18 per cent. 

Carbonic Acid Gaa, 15 to 20 per cent., per cent., or less. 

Water, More, Less. 

The temperature of the blood varies considerably; but the 
arterial stream is generally warmer than the venous. The 

». MDliit*nlii»linembrane>r How ibown with tlie bloiidsrr 
K. auwuidllTualaD* Ifuiyjeahanot rtcelvedr Itui\iiin\BwWi\<eTBU.Va<A.\ 
at. aiTeraiice Id tbe ippsruDS uid ocnnpoaHton ot ttie Uooi^ TBM.vin.i.om 'A ■** 
' KLl Tbe bliHid whllK psullig Ihraugta ttie tangi ? Tbe cnDuttoAiWAt ^^^^ 
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blood imparts heat to the air while passing through the lungs, 
and consequently the contents of the right side of the heart 
have a higher temperature than the contents of the left side.* 
y means of the spectroscope, we learn that the change 
of color in the blood has its seat in the corpuscles ; and that, 
according as they retain oxygen, or release it, they present the 
spectrum of ai'terial or of venous blood. There evidently 
exists, on the part of these little bodies, an affinity for this gas, 
and hence they have been called "carriers of oxygen." It was 
long ago thought that blue blood was peculiar to persons of 
princely or royal descent, and boastful allusions to the " sang 
anurB" of kings and nobles are often met with. Physiology, 
however, informs us that blue blood flows in the veins of all — 
the low as well as the high — and really indicates waste and decay, 

25. ReBpiration of Cells. — The blood of the capillary arteries 
coming from the lungs, where it haa been supplied with oxygen, 
passes through the tissues of all parts of the body as already 
stated, and here each cell receives its necessary supply of oxy- 
gen from the blood, and gives up in return carbon dioxide and 
other waste matters, which are then carried through the veins 
to the organs of excretion. 

26. Amoont of Respiratory Labor. — During ordinary calm 
respiration, we breathe eighteen times in a minute ; and twenty 
cubic inches of air pass in and out of the lungs with every 
breath. This is equivalent to the use of three hundred and 
sixty cubic inches, or more than ten pints of air each minute, 
From this we calculate that the quantity of air which hourly 
traverses the lungs is about thirteen cubic feet, or seventy-eight 
gallons ; and daily, not less than three hundred cubic feet, <W( 
nearly sixty barrels. 

27. Of thia large volume of air five per cent, is absorbed in 
its transit through the lungs. The loss thus sustained is almost 
wholly of oxygen, and amounts to fifteen cubic feet daily. The 
quantity of carbonic acid gas exhaled by the lungs during the 
day is somewhat less, being twelve cubic feet. Undi 



1 



4 

I 



SESPIRATION 201 

fluence of excitement or exertion, the breathing becomes more 
Trequent and more profound; and then the internal respiratory 
work increases proportionately, and may even be double that 
of the above estimate. It has been estimated that in drawing 
a full breath, a man exerts a muscular force equal to raising 
two hundred pounds placed upon the chest. 

26. Impurities of the Air. — The oxygen in the atmosphere 
is of such prime importance, and its proportion is so nicely 
adjusted to the wants of man, that any gas or volatile substance 
which supplants it must be regarded as a hurtful impurity. 
All gases, however, are not alike injurious. Some, if inhaled, 
are necessarily fatal ; arseimretted hydrogen, being one of these, 
a single bubble of which destroyed the life of its discoverer, 
Gehlen. Others are not directly dangerous, but because they 
take the place of oxygen, and exclude it from the lungs, they 
do harm, and become dangerous. To this latter class belongs 
carbonic acid gas. 

29. Most of the actively poisonous gasea have a pungent or 
offensive odor; and, aa may be inferred, most repugnant odors 
indicate the presence of substances unlit for respiration. 
Accordingly, as we cannot see or taste these impurities, the 
sense of smell is our principal safeguard against them. In this 
we recognize the forethought which has stationed this sense, 
like a sentinel, at the proper entrance of the air-passages, to 
give us warning of approaching harm. Take, as an example, 
the ordinary illuminating gas of cities, from which so many 
accidents happen. How many more deaths would it cause if, 
when a leak occurs, we were not able to discover the esoape of 
the gas by means of its disagreeable odor. (Bead Note» 5 and 6.) 

6. Cleanliness tlie Snm Total of Hygiene. — "Disinfectants bave 
Uiti power of deslruyiiig tbe cause, and of arresting the Gpread of most 
epidemica and coalAgiouB diseases, bat cieanliness is the best preventive 
of disease. Wlienever practicable, the abundant use of water is better 
than disinfection. ' Let no one ever depend upon disinfectants, fumiga- 
tions, and tiie like, for purifying the air. Tlie oSensive tiling, not its 
smell, must be removed.'" — Florence Nightingale, ^oUs on Nursing 
(it part). 

J of theorygan [n the nUnosphBrel \niart 
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30. Organic matterB exist in increased measure in the eS 
pired breath of sick persons, and impart to it, at times, a 
putrid odor. This is especially true in diseases which, like 
typhus and scarlet fever, are referable to a blood poison. In 
Huch oases the breath is one of the means by which nature 
seeks to expel the offending material from the system. Hence, 
those who visit or nurse fever-sick persons shoidd obey the 
oft-repeated direction, "not to take the breath of the sick." 
At such times, if ever, fresh air is demanded, not alone for the 
sick, but also for those who take care of them. (See Care of 
Sick-Room, Appendix.) 

31. Dust in the Air. — Attention has lately been directed to 
the dust, or haze, that marks the ray of sunshine across a 
shaded room. Just as, many years ago, it was discovered that 
myriads of animalcules were found in the water we drank, so 
now the microscope reveals " the gay motes that dance along a 
sunbeam " to contain multitudes of animal and vegetable foM 

of a very low grade — the germs of fermentation and deoayJ 
and the probable sources of disease. 

33. It is found that the best filter by which to separate this 
floating dust from the air is cotton wool, although a handker- 
chief will imperfectly answer tlie same purpose. In a lecture 

6. The True Prevention of Epidemics. — " It was in England that 
Bolntion of tlie great problem, of hygiene was first attempted. ' Pre- 
TenUve Medicine,' it is there called. I'almerston told a deputation which 
waited on him in order to ask him to order a, last on the approach of the 
second epidemlo of cholera, to cleanse their sewers, and diligently vieit 
Hie dwellings of the poor. And be did not confine himself to good adTioe, 
but, with hia usual energy, he laid bis band on sanitary legislation, and 
purified the air of London and the large manufacturing towns. The 
result of the sanitary measares carried out was a reduction of the mor- 
tality of London from 23 to 2.1 per 1,000, and In some of the towns to 17 
per 1,000 — a low death-raUi previously only equalled in the Me of 
Wight. More than four thousand lives have been preserved yearly In 
London ; and, asaimiing that the mortality among the sick is 1 in 20, this 
number represents a dimination in yearly sickness to the extent of eiglil; 
Ihouaand." — Dr. Joupk Seegen in the Vienna Medical Wetklij. 
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tiie Bnbfect by Prof. Tyndall, he remarks that, "by breath- 
ing; through a cotton wool respirator, the noxious air of the 
sick-room is restored to pra^tticaJ purity. Thus filtered, attend- 
ants may breathe the air unharmed. In all probability) the 
protection of the lungs will be the protection of the whole 
system. For it is exceedingly probable that the germs which 
lodge in tlie air-pasaagea are those which sow epidemic disease 
in the body. If this be so, then disease can certainly be 
warded off by filters of cotton wool. By this means, so far as 
the germs ai'C concerned, the air of the highest Alps may be 
brought into the chamber of the invalid." 

33. Carbonic Acid Gas in the Air. — We have already spoken 
of this gas as an exhalatiou from the lungs, and a source of 
impurity ; but it exists naturally in the atmosphere in the pro- 

'portion of one^half part per thousand. lu volcanic regions it 
is poured forth in euormoua quantities from fissures in the 
earth's surface. Being heavier than air, it sometimes settlea 
into caves and hollows in the surface. It is stated that in the 
island of Java, thei-e is a place called tlie " Valley of Poison," 
where the ground is covered with the bones of birds, tigers, 
and other wild animals, which were suffocated by carbonic acid 
gas while passing over it. The Lake Averniis, the fabled 
entrance to the infernal regions, was, as its name implies, bird- 
less, because the birds, while flying over it, were poisoned by 
the gas, and fell dead into its waters. In mines, carbonic acid 
gas forms the dreaded choke-damp, while carburetted hydrogen 
is iiie^iv-damj). 

34. In the open air, men seldom suffer from carbonic acid 
gaa, for, as we shall see presently, nature provides for its rapid 
distribution, and even turns it to a good use. But its ill effects 
are painfully evident in our homes, schools, and churches, 
where it is liable to collect as the waste product of respiration, 
and of that combustion which is necessary for lighting and 
varming our homes. A man exhales, during repose, not less 
than one-half cubic foot of carbonic acid gas per lioiir. A single 
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-burner liberates five cubic feet in the game time, therefor* 
spoiling about as ranch air as ten men. A fire burning in a 
grate or stove emits some impui-e gaaes, and at the same time 
abatracta from the air as much oxygen aa twelve men would 
consume in the same period, thus increasing the relative 
amount of carbonic acid gas in the air. From furnaces, as 
ordinarily constructed, this and other gases are constantly, 
leaking and poisoning the air of tightly-closed apartments. 

35. Effects of Impure Air. — Carbonic acid gas, in its pnr»' 
I form, is irrespirable, causing rapid death by suffocation. Air 
I containing forty parts per thousand of this gas (the composition 
I of the expired breath) extinguishes a lighted candle, and is 

fatal to birds ; when containing one hundred parts, it no 
yields oxygen to man and' other warm-blooded animals, and is, 
of course, speedily fatal to them. In smaller quantities, this 
• gas causes headache, labored respiration, palpitation, uncoQ? ' 
Bciousness, and convulsions. 

36. In crowded and badly ventilated apartments, the air is 
breathed over until it contains from six to ten times the natural 
amount of carbonic acid gas. This contaminated air causes 
dullness, drowsiness, and faintoess, because the dark, impure 
blood circulates through the brain, oppressing that organ, and 
causing it to act like a blunted tool. This is a condition not 
uncoinmon in our schools, churches, and court-rooms 
places of all others where it is desirable that the mind should 
be alert and free to act; but, unhappily, an unseen physi 
logical cause is at work, dispensing weariness and stupor 
pupils, audience, and juries, (fitad Xotes 7 arid 8.) 



3 

1 
s 
r 

M 

' 1 

B I 



The Gtound-Attnosphere and its Belationa to Dwelling. — 
soil, which uaturally contains wholesome air, and gives facility to its eveiy- 
movemont, is not leas permeable by poiBonona gases, which are often found 
to pervade and issue from it. It is easy to find illostrations of the fact 
that people are poisoned through the ground, since it is almost a daily 
"i one, related by an eminent authority, von Pelten- 
kofer: — 'In a residence at Augsburg, apparently endowed with every 
qualification for health and eotiifort, several priests lived toeetbeT, Un % 
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37. Another unmistakable resiilt of living in and breathing 
foul air is found in certain diseases of the lungs, especially 
consumption. For many years the barra«ks of the British 
army were constructed without any regard to ventilation j and 
during those years the statistics showed that consumption was 
the cause of a very large proportion of deaths. At last the 
government began to improve the condition of the buildings, 

ccrtAin momiiig, oae of these, not the least zealous and prompt in the 
jiertormance of his duties, was missed from his usuai post at tbe matin 
service. Hin collefigues hurried back to tlieir common dwelling iu search 
of the missing priest, and found him lying proatraM and insensible upon 
the floor of his bed-chamber. A doctor was immediately called in, and 
at tbe first sight of bis patient, declared him to be Buffering from an attactc 
of typhus fever. The SisterB of Charity, upon whom devolved the duly • 
of nursing him, and tboae clerical associates who were active in their 
sympathy and prompt to visit him and give assistance, were, a few hours 
after, attacked in the same way. The doctor did not hesitate in his 
diagnosis, and pronounced the additional castsB also typhus fever. A 
general alarm prevailed in the city, and many called at the house of tlie 
priest, who v/ss greatly beloved. Among others was an old woman, who 
discovered a strong smell of gas, and believing this to be the cam^e of the 
sickness, obtained permission to remove the priest to her own house. The 
priest had no sooner breathed the fresh air than he began to revive, and 
during the very first evening*of bis removal to tbe new abode ho became 
so much better as to make an importunate demand for food. He soon 
got enUrely well. The old woman, thus confirmed in her gas theory, and 
eager to save the remaining patients, wbo had continued to increase in 
number in the priest^' house, now bad an interview with tbe manager 
of the gas-works wliicb supplied the town, and prevailed upon him to 
investigate the condition of the gas-pipes in the vicinity of the priests' 
residence. This was done, and a leak from which the gas was escaping 
into tbe ground was found and stopped. The air of the house was per- 
ceived at once to improve, and with it the health of the patients that were 
not removed ; these finally completely recovered from what the doctor even 
was compelled to admit was not typhus fever, but poisoning by gas.' " — 
The Bonk of Smith. 

S. Pure Air and Good Morals. — ''Cleanliness and self-reapect go to- 
gether, and it is no paradox to affirm that you tend to purify men's 
thoughts and feelings when you purify the air Uiey brealiie. • " ■ • 
With a low average of popular health you will have a low average of 
national morality, and probably also of national intellect. Drunkeunesa 
and vice of other kinds will flourish in such a soil, and you cannot get 
healthy brains to grow on unhealthy bodies." — LotA Devb^. 
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giving larger apace and air-aupply; and as a consequence, 
the mortality from consumptiou has diminished more than 
one-third. 

38. The lower animals confined in the impure atmosphere 
of menageries, contract the same diseases as luao. Those 
brought from a tropical climate, and requiring to be closely 
housed, generally die of consumption. In the Zoological 
Gardens of Paris, this disease affected nearly all monkeys, 
until care ^vas taken to introduce fresh air by ventilation, and 
then it almost wholly disappeared. The tendency of certain 
occupations to shorten life is well known, disease being occa- 
sioned by the fumes and dust which arise from the materials 
employed, in addition to the bad air of the workshop or 
factory, where many hours are passed daily. {Read Note 9.) 

39. The following table shows the comparative amount of 
carbonic acid gas ia the air under different conditions, and the 
effects sometimes produced : 

PROPORTION OF CARBONIC ACID Q4S. rn 1000 parts of Air, 

Air of country 4 

Air of oity .'..., .5 

In huapltal, nell ventilated fl 

In Hchool, Dhurch, ete., fairly ventilated ... 1.2 Ic 
In court-bouse, factory, eUi., without ventilatinn 4. Ic 

In bed-room, before being aired 4.5 

In bed-'rootn, after being ttired 1.5 

Constantly breathed, causing 111 health .... 2. 
Occasionally breathed, causing discuinfort ... 3. 
Uccasionally breathed, causliig distress .... ID. 

Expired air 40. 

Air no longer yielding oxygen 100. 

9. Consumption is Lung Starvation. — "Tlii? ipracllw'of ullowing the 
lungs only iiti[iropcr fooil, in the form of vitiated air, is one of tlic must 
prevalent hftbils of civilised lite, and diseases of the lungs are ils greatest 
bane and greatest dread. More persons die by consumption than by any 
other single diseiiEe, If there be addeil to those the large niinilier that 
pariah everyyeartiy inflammation of tlie lungs and bronehial tubes, diswase 
abd premature deatli riia;r '>" well said to bave in lliesn organs Ihelr chief 
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, Fature'e Prorlsion for Purifying the Air. — We liave seen 
that earboEic acid gas is heavier than air. and irreapirable. 
Why, then, does it not sink upon and overwhelm mankind 
with a silent, invisible wave of death ? Among the gases 
there ia a more potent force than gravity, which forever pre- 
vents auch a tragedy. It ia known as the difFuaive power of 
gaaea. It acts a«rcording to a definits law, and with a resists 
less energy compelling these gaaea, when in contact, to mingle 
until they are thoroughly diffused. The added influence of 
the winds ia useful, by insuring more rapid changes in the air, 
air in motion being perfectly wholesome. The rains also wash 
the air. 



citadel. The leadiug cauBe of all this is, imdoubtedly, the poor quality 
of the food on which the lun^ are nurtured. The very best physicians, 
when their attention is directed to the subject, admit the full forcti of 
Uiia conclustou, !ind that it has not received the attention it deserves. 
Professor Hartsbome remarks on this point, that ■ the influence of 
impure air in promoting consumption has probably heretofore been 
itnderrated.'- 'The vitiated air of the European barrack system for 
soldiers,' says Professor Parkes, ' is the only way in which the great 
prevalence of consuinptlon in European armies can be aocounted for.' 
nils is the coiiclusioii to which the Sanitary Commissioners for the army 
cane, in tbeir celebrated report : ' A great amount of phthisis (con- 
somption) lias prevailed in the moat varied stations of the army and In 
the most beautiful climates — In Oibraltar, Malta, luula, Jrunaica, Trhki 
dad, Bermuda, etc. — in all of which places the only common condition 
was the vitiated atmosphere which our barrack system everywhere pro- 
duced. And, as if to clinch the argument, there has been of late years a 
most decided decline in phthisis In these stations, while the only circtim- 
Btance which has notably clianged in the lime has been the condition of 
the air.' A very eminent authority, the late Dr. Marshall Hall, of Eng- 
land, said, in reference to pure air In the treatment of consumption, ' If 
I were seriously iU of cousumptlon, I would live out doors day and 
night, except in rainy weather, or midwinter ; then I would sleep in 
an unplaetered log house. Physic has no nutriment, gaapings for air 
cannot cure yon, monkey capers in a gymnasium cannot cure you, and 
Stimulaute cannot cure you. What oonsumptlves want is pure air, not 
physic — pure air, not medicated ^r — plenty of meat and bread.' Let 
It be remembered, in this connection, that every hygienic or health-pro- 
ng measure which tends to cure a disease la much more efficacious in 
preventing it." — Slack's Ten Lates of Health. 
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41. Oxidation. — "When a substance capable of undergoing 
chemical changes unites with oxygen, it ia said to oxidize. 
This process of oxidation ia alwaya accompanied by the pro- 
dnction of heat. Aa an example, when coal is burned, ita 
carbon and other component parts unite with oxygen and form 
V chemical compounds, thus producing a great deal of heat. 
The chemical processes going on during the burning of coal 

t free a certain amount of energy, which is utilized in the 
production of steam and other kinds of power. Thus, in an 
analogous manner, do the chemical processes going on con- 
stantly in our body by the aid of the oxygen produce heat and 
irgy. (Bead Note 15.) 

■2. In the sea, aa in the air, the same circle of changes ia 
observed. Marina animals consume oxygen and give off cai- 
bonic acid gas, while marine planta consume carbonic acid gas. 



10. Plantaand the Air. ^"ThoughUie air is dependent for the renewal 
oxygen on tlie actioa of the green leaves of plants, it must not be 



of 




forgotten that it is only in the presence and under the Btimulus of light 
that these organisms decompose carbonic acid gas. All plants, irrespec- 
tive of their kind or nature, absorb oxygen and exhale carbonic acid gas 
in the dark. The quantity of noxious gas thus eliminated is, however, 
exceedingly email when compared with the oxygen tlirown out during the 
day. Aside from the highly deleterious action that plants may exert on 
the atmosphere of a sleeping-room, by increasing the proportion of car* 
bonic acid gas dnring the nigbt, there is another and more important 
objection to be urged against their presence in such apartments. Like 
animals, they exhale peculiar volatile oi^nic principles, which in many 
instances render the air unfit for the purposes of respiration. Even in 
the days of Andronlcna this fact was recognized, for he says, in speaking 
of Arabia Felix, that 'by reason ot myrrh, frankincense, and hot spices 
there growing, the air was so obnoxious to their brains, that the veiy 
inhabitants at some times cannot avoid its influence.' What the Influence 
on the brains of the inhabitants may havebeendoesnot at present interest 
us ; we have only quoted the statement to show that long ago tbe emana- 
tions from plants were regarded as having an influence on the condition 
of the air ; and, in view of our present ignorance, It would be wise to banish 
them from our sleeping apartments, at least until we are better infonned 
regarding their true properties." — Orapfr on Poiaonsd Air. 
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and liberate* oxygen. Taking advantage of this fact, we may 
HO arrange aquaria with fishes and aea-plants, in their proper 
combinations, that each may supply the needs of the other, 
and the water may seldom require to be renewed. This affords 
us, on a small scale, an illustration of the grand circle of 
changes taking place in the air about us, and also of the har- 
monioua dependence of the two great kingdoms of nature. 

43. Ventilation. — Since the external atmosphere, as pro- 
vided by nature, is always pure, and since the air in our 
dwellings and other buildings is almost always impure, it 
becomes imperative that there shoidd be a free communication 
from the one to the other This w e aim to accomplish by venti 
lation. Aa our liouaea are oidmajily constructed the theory of 
ventilation, "to mike the internal as pure as the external aar," 
is seldom carried out Doors windtws ajid flues the natural 
means of replenishing the air are too often closed, almost 
hermetically, against 
the precious element 
Special means, or spe- 
cial attention must 
therefore be used to se 
cure even a fair suj ply 
of fresh air. This is 
atill more true of those 
places of public resort 
where large numbers 
of persons are crowded 
together. (See House- 
Drainage, Appendix ) 

44. If there are tw o 
openings in a room one 
as a vent for foul air 
iind the other an inlet 
foratmosphericair and 
if the openings be large 
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in proportion to the number of air consumers, the principi 
object will be attained. Thus, a door and window, each opeii- 

5 into the outer air, will ordinarily ventilate a small apart- 
ment; or- a window alone will answer, if it be open both above 
and below, and the open apace at each end be not less than one 
iueh for each occupant of the mom, when the window is about 
a yard wide. The direction of the current is generally from 
below upward, since the foul, heated air tends to rise; but thia 
ia not essential.* Its rate need not be rapid; a "draught," 
c perceptible current, is never necessary to good ventilation. 
The temperature of the air admitted may be warm or cold. It 
is thought by many that if the air ia cold, it is pure ; but this 
I error, since cold air will receive and retain the same 
impurities as warm air. 

45. Shall we open our bed-rooma to the night air ? Ploi-enca 
Nightingale says, in effect, that night air is the only air we 
can then breathe. " The choice is between pure air without 
I impure air within. Most people prefer the latter — an 
unaccountable choice. An open window, moat nigbta in the 
year, can hurt no one. In great cities, night air ia the best 
and purest to be had in twenty-four houra. I could better 
understand, in towns, shutting the windows during the dajT™ 
than during the night," {Ecad Note II.) 

• When the window is of the common Bash kinii, n good supply B 

fresh air ma; be obtained niUioUt & current, by placing a strip »I board 
(.bout four luches wide under the lower aaah (Fig. 03). The window is 
^na closed against rain and snow, but allows of a supply of fresh air to 
enter between the saahes. It still more veiitiiation ia needed lo keep the 
air of the room sweet, lliu ssme arrangement may be made at tlie lop of 
the window. 

11. Pure Air in our Homes during Cold Weather. — " Fresh air is the 
great natural disinfectant, antiseptic, and purifier, and not to be com- 
pared lor a moment with any of artificial eontrivance. There is plenty of 
It In the world ; yet, disguise the tact as we may, there ia no getting over 
^the unwelcome truth, thai to provide it m abundance in our climate Is 
expensive, since during seven months in the year it most I>e artiScioI' 
warmed, in order that our homes may be comfortabSe. To toJce in ^Jt 
the average winter temperature of SB", raise it to 68.", and d~ 

IE. euu what FloreDce Ml^btingDle uye ibont lah&UnK nigbt A^-, 
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46. Animal Heat. — Intimately connected with respiration is 
tlie production of animal heat, or the power of maintaining the 
temperature of the body above that of the medium in which 
the creature movea ; thus, the bird is warmer tlian the air, and 
the fish than the water. This elevation of temperature is the 
result of the various chemiual changes which ai'e constantly 
taking place in the system. Although common to all animals, 
in a greater or less degree, heat is not peculiar to tham, since 
plants also generate it, especially at the time of sprouting and 
flowering. If a thermometer be plaeed in a cluster of geranium 
flowers, it will indicate a temperature several degrees above 
that of the surrounding air. 

47. Among animals great differences are noticed in this 
respect, but the degree of heat produced is always proportional 
to the activity of respiration and the amoimt of oxygen con- 
sumed. Accordingly, the birds, whose habits are extremely 
active, and whose breathing capacity is the gi'catest, have uni- 
formly the highest temperature. Sluggish animals, on the 
contrary, as frogs, lizards, and snakes, have little need for 
oxygen, and have incompletely developed lungs ; these animals 
are cold to the touch — that is, they have relatively a lower 
temperature than man, and their positive temperature is but 
little above that of the external air. Accordingly, zoologists 
have BO arranged the animal kingdom that warvtrblooded ani- 
mals, including man, the birds, and the quadrupeds, are classi- 
fied together ; while the cold-blooded animals, such as the fish, 
tortoise, frog, and all that have no vertebral column, are classed 
by themselves. 

again trom our bouses even once in an hour, is a prucess which cannot ba 
accomplished without paying roundly ; yet on nu otiier condition can we 
reasonably expect health and long life, The best way is to fretily admit 
that It Is expensive, but worth the inouey it costs. If Benjamin Franklitt 
thought that 'a penny saved is a penny earned,' he is equally sure tbat 
'health is wealth.' " — George Derby on the Preeeatit/a of Dineate. 
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48. The temperature of the human body is about 100° Fah- 
renheit, and remains about the same through winter and aum- 
mer — in the tropics as wrII as in the frozen regions of the 
north. It may change temporarily within the range of about 
twelve degrees ; but any considerable, or long-continued eleva- 
tion or diminution of the bodily heat is certain to result dia- 



49. Man_is able to adapt himself to all extremes of climate ; 
and, in fact, by means of clothing, shelter, and food, is able to 
create for himself an artificial climate wherever he chooses to 
reside. The power to resist cold consists chiefly in prevent- 
ing the heat which is generated by the vital processes of 
the body from beii.g lost by radiation. Warm clothing, such 
as we wear in winter, has, in reality, the same temperature as 
that which is worn in summer ; but, by reason of being thick 
and porous, it is a bad conductor of heat, and thus prevents the 
escape of that produced by the body. If woollen fabrics were 
intrinsically warm, no one would wrap a piece of flannel, or 
blauket, around a block of ice to prevent its melting in sum- 
mer. 

50. The faculty of generating heat explains how it is that 
we are enabled to resist the efEects of cold j but how does the 
body withstand a temperature higher than its own ? Men have ' 
been know to remain several minutes in an atmosphere heated 
above the boiling-point of water, and yet the temperature of 
their own bodies was not greatly increased. Those who labor 
in foundries and glass-works are habitually subjected to very 
high degrees of temperature, but they do not suffer in health 
more than those engaged in many other occupations, 

51. The regulation of the temperatui-e of the body is effected 
by means of [lers pi ration, and by its evaporation. So long as 
the skin acts freely; and the air freely absorbs the moisture, 
the beat of the body does not increase, for whenever evapora- 
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tion takes place, it is atteiiiled witli tlie abstractioE of heat — 
that is, the part becomes relatively colder. This may be tested 
by moistening some part of the surface with cologne, ether, or 
other volatile liquid, and then causing it to evaporate rapidly 
by famiing. The principle that evaporation produces cold has 
been ingeniously and practically employed, in tlie manufacture 
of ice by means of freezing machines. 

52. Spontaaeous Combustion — Alcohol the Indirect Cause. — 
Is it possible that the temperature of the living body can Iw so 
increased that its tissues will burn sjHjiitaneously i* From time 
to time cases have been reported in which, by some mysterious 
means, considerable portions of the human body have been 
consumed, apparently by fire — the victim being found dead, or 
incapable of esplaining the occurrence. Hence, the theory has 
been current that, under certain conditions, the tissues of the 
body might become self-ignited ; and the fact that this so-ealled 
aponlaneotis combustion has ordinarily taken place in those who 
had been addicted to the use of alcoholic drinks, has given a 
color of probability to the opinion. It has been supposed that 
the flesh of these unfortunate persons, becoming saturated with 
alcohol thus taken into the system, took fire npon being ex- 
posed to a flame, as of a lighted candle, or, indeed, without any 
external cause. But, whether this be possible or not, one thing 
is certain^ this strange kind of combustion has never been 
actually witnessed by any one competent to give a satisfactory 
account of it 

53. The results that have been observed may be satisfacto- 
rily explained by the accidental ignition of the clothes, or other 
articles near the body, and by the supposition that the indi- 
vidual was at the time too much stupefied by intoxication to 
notice the source of danger and provide for his safety. The 
highest temperature that has been observed in the body — 
about 112° Fahrenheit — is too low to ignite the vapor of alco- 
hol; much less wilt it cause the burning of animal tissues. It 
is, undoubtedly true that when the tissues are iilled with alco- 
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hol, combustion will more easily take place than when the body 
a normal state ; but, under any condition, the combustion 
of the body requires a higher degree of heat than can be gener- 
ated by the body itself, or the mere proximity of a lighted 
candle, or any cause, of similar character, 

54. The Effect of Alcohol upon Respiration. — Whenever wine, 
or any other form of alcoholic drink, is taken into the stomach, 
it is quite rapidly absorbed into the blood-current, and in a few 
minutes it imparts to the breath a peculiar, oEEenaive odor. 
This is due to the vapor of alcohol that, little by little, is ex- 
pelled from the body, along with the carbonic acid gas exhaled 
through the lungs. If the quantity of drink taken has been con- 
siderable, this disagreeable odor may continue a day or more. 

This condition is evidence that an unnatural labor has been 
thrown upon the lungs ; namely, it is an effort on the part of 
the general system to get rid of a poison that is hurtful to every 
1 by which it is retained. While this exhalation of alco- 
holic vapor continues, the respiratory act is impaired, for not 
only can less carbonic acid gas be thrown off, but there is also 
a diminished inhalation of oxygen. 

5fi. Respiratory Diaeases among the Intemperate. — The struc- 
ture of the respiratory organs is such that they are relatively 
tolerant of the presence of alcohol in the body. 

Wheezy breathing and hoarseness of voice are noticeable 
among inebriates ; but this class does not suffer greatly from 
■e attacks of lung diseases that can l)e said to be directly 
due to the liquor they drink. Indirectly, however, they suffer 
greatly, as a class, from those diseases, because they incur ex- 
posures of every imaginable variety, while under the intoxicant 
influence of this powerful drug, which can, according as it is 
taken in less or greater quantity, deprive a person of his sober 
self-management or bring him down to utter loss of conscious- 
ness. It is in this way that the users of alcohol fall a prey, 
especially in the winter sciison, to attacks of pneumonia, or 
lung fever, and other serious disease of the respiratoty organs. 
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TOPICAL OUTLINE 






CartilaglnD 
PibrouB tisane. 
Llued with eiliateil epitkeliu 
C-sliaped. 

Complete In [ront. Inconiplele behitt 
Cotmei'ted by fibrous tissue. 
Bight aud left. 

Id structure similar to trachea. 
Biuga of cartilage very imperfect. 
Cartilage disappears in SDialleat tubes 
whicli termiaate in groupa of air-cella. 

I Cricoid cartilage — A complete rliig. H 

I Tocal coida. ■ 

I Epiglottis — Closes the jr2of (is. ^ 

lobes. ■ 



Air-«euelB— Bronchial tubes and eella. 

{Pulmouany arleries, 
CupiltariRS. 
FulvionaTy veint- ^H 
External intercoatats coutraot. ^H 

Raise the ribs. ^M 

Make the cheat aider. ^| 

Diaphragm depressed. 

Chest made deeper. 
,h the theat. 
throusli the trachea, Ailing the enlarged lusgi. 
Elastic walli of the thorax recoil. ^m 

Elastip lunge recoil. ^H 

Internal intereoatals i 



expiration. 



Kibs depressed. 

Cbeet becomes n 

Diaphragm raised . 

Clieat made shatlonei. 

Ab'tojninol muscles coutraci 

Abdominal organs press o 

under side of diaphragm. , 

Air forced out through the trachea. 

Loses — Oxygen. 

I Carbon dioxide. 
Qains . \ Water vapor. 

I Oltaer waste matters. 

(CarboQ dioilde. 
Water. 
Other waste mati 
Gains — Oxygen. 
Loses — Oxygon. 
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QUESTIONS FOR TOPICAL REVIEW 

, WliatUUieobiactof respicatioQ? 187 ■ 

1. Vlbai are the si>ecial organs of respivadoa 7 18T 

K lu what organs duea a change In the bhjod take place? 187 

. What U the nature of the change? 187 

I. Where are the lungs iituated, and what Is the character of the sob- 

atanfe of which they are composed ? 187, 188 

i. Describe the facilities provided tor the lung movemeuta 168 

. DeHcribe the trachea, or windpipe ISS-191 

:, Describe the brouchiat tubes, and their uses 189 

I. What can y»u state In relation to the epiglottii? 190 

I. What are the cilia, and what use do ihey probably serve ? 191 

. How may the Inugs be aflatted by not being properly protected ? . . 193 
:. DescritHtthemavementsnecessary totheactolperfectrespiratlon ■ 192, 193 

:. WhBtia the diaphragm, and what is its office? 1B2 

. How may the organa of respiration be ao improved aa to increase 

their capacity and paweF? 1S2 

I. What ia stated in relation to tbe frequency of respiration ? 193 

I. To what extent may the act of respiration be subjected to our wiltn?. 194 

. What may be said to be the capacity of the langs? 191 

i. How long does it lake every partiole of air iu the Imigs to be expelled 

' and new air to take its place? IM 

I. Wliat would be the consequences, it the entire capacity of the lungs 

were constantly ased ? 194, 1U5 

I. What would he the consequences to a flah put into water from which 

the air had been completely exhausted ? Why ? IDS 

. What ia the air, and what are its pans? 190,198 

I. What is the character of the air that has been just breathed? 196 

;. Why ia it that such air Is not fit for respiration 7 196-198 

. What are the effects, as recorded in notable cases ot confinement In 

places the air of which has been breathed " over and over " 7 . . 197, 198 

I. What can you state of chaugea in the blood from tesplratinn ? 198 

i. What of the air as an attiole ot food ? 198, 199 

. What on the subject of interchange ot gases la the lungs? 199 

:. Explain the difference between arterial and venous blood 199, 200 

I. Explain, if you can. the cause of the difference 200 

>. State what yon can In relation to blue blood 200 

. In relation to the amount of labor exerted in respiration 200, 201 

I. In relation to the deleterious properties of different gases 201 

>. In relation to the dust tliat floats in the air 20! 

', What are the properties of carbonic acid gas? 203, 204 

>. In what places is carbonic acid gas commonly found? 201 

i. Describe tbe effects of carbonic acid gaa 204 

'. What are the general effects ot breathing any impure atmos- 
phere 7 2(M-308 

>. What are Nature's provisions for purityinR the air? 207-309 

I. Whathintsanddlrectiansareglvenonthesubjectof ventilation?. 200,210 
I. How does the temperature of the Irady compare witli the medium In 

which It lives ? 212 

. How is temperature of the body reeiilated and sustained? 212,213 

I. State what you can on the subject of spontaneoo* contbuftloil- ■ 




CHAPTER rX 
THE NEBVOnS SYSTEM 



Animal and Vtgetativt Functions — Semation, Motion, and Volition — 
The Structure of the Nervous System — The White and Gray 3vb- 
tlaiuxs — The Brain ■— Ba Convolutions — TTie Cenbellum — TTte 
Spinal Cord and its System of Nerves — The Anterior and PoBlerSor 
Boots — The Sympathetic System of Nerves — Tie Properties of Ner- 
vous Titatie — Excitability of Nervous Tissues— The Functions of th» 
fi^nal Nerves and Cord — The Direction of the Fibres of the Cord — 
S^ex Activity, and its Vten—The Functions of the Medulla Obtonr- 
gata and the Cranial Ganglia— The Ei-Jlex Action of the Brain — 
^ecis of Alcohol, Tobacco, Snuff, Narcotics, Opium, Chloral, Haslf 
eesh. Chloroform 

1. Animal Functions. — The vital processes vhich we have 
been considering in the three previous chapters — of digestion, 
circulation, and respiration — belong to the class of functions 
known as vegetaiive functions. That is, they are common to 
vegetables as well as animals ; for the plant, like the animal, 
can originate nothing, not even the smallest particle of matter; 
and yet it grows, blossoms, and bears fruit, by reason of obtain- 
ing and digesting the nutriment which the air and soil provide. 
The plant has its circulatory fluid and channels, by which the 
nutriment ia distributed to all its parts. It has, also, a curious 
apparatus in its foliage, by which it abstracts from the air 
those gaseous elements so necessary to its support ; and thus it 
accomplishes vegetable respiration. These vegetative functions 
have their beginning and end within the organism of the plant; 
and their object is the preservation of the plant itself, as well 
as of the entire species. 

1, Whit pro«iMi m known u the icgeUtiic tuncWonsl "SM «> t■TS»&^ ■^■«» 
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^1 2. The ajiimal, in addition to tOieae vegetative ftrnddoos, has 
^B another set of powers, by the use of wliiuh he becomes con- 
^F Boions of a world external to himself, and brings himself into 
active relations with it. By means of the vegetative processe 
his life and apeeiea are maintained ; while, by means of c 
animal functions, he feels, acta, and thinks. These function! 
among which are sensation, motion, and volition, not only dis^ 
tinguish the animal fi'om the plant, but, in proportion to their 
development, elevate one ereatiu-e above another; and it is by 
virtue of his pre-eminent endowment, in these respects, tiiat"-J 
man holds his position at the head of the animal creation. 

3. Among animals whose structure is very simple — ■ 
hydra, or fresh-water polyp, being an example 
organs are empowered to perform separate funtiti 011s, but evi 
part is endowed alike; so that, if the animal be cut into piecee,^ 
each portion has all the properties of the entire original ; and, 
if the circumstances be favorable, each of the pieces will soon 
become a coinplete hydi'a. As we approach man, in the scale 
of beings, we find that the organs midtiply, and the functions 
become moi-e complete. The function of motion, the instru. 
inents of which — the muscles and bones— have been 
aidered In former chapters, and all the other animal functiens 
of man, depend upon the set of organs known as the nei 
system. 

4. The Nervous System. -^ The intimate structure of this 
system difEers from any tissue wliich we have before examined. 
It is composed of a soft, pidpy substance, which early in life is 
almost fluid, but which gradually solidifies with the gi'owth of 
the iKjdy. When examined ijnder the ndcroscope, it is found 
to be composed of two distinct elements: (1) the white sub- 
stance, composing the larger proportion of the 
of the body, which is formed of delicate cylindrical 
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it g j^jj of an inch in diameter, termed the nerve-fibrea ; 
and (2) the gray substance, composed of grayish-red, or ashen- 
colored ceils, of various sizes, generally possessing one or more 
ofE-shoots, which are continuous with the nerve-fibres just men- 
tioned. 

5 Earh nerve-fibre is continuous from the nerve-centre from 
which it apiiugs to that part of the body iu which it ends. 
It consists of a white sheath and a gi'ay axis cylinder within. 
The a\is cylinder serves to convey the nerve-impulse, while 
the white sheath seems to serve as a protection, very similar 
to the insulation on electric wires. Many nerve-fibres unite 
into a bundle and form nerves. These nerve-bundles may he 
compaved to electric cables containing many separate wires. 
The function of nerve-fibres is to convey uerve-impulaes from 
the organs and periphery of the body to the nerve-centres, or 
from the nerve-centres to the organs and the periphery. 

6. The gray, cellular substance constitutes the larger por- 
tion of those important masses which bear the name of nereouB 
centres and ganglia (from ganglion, a knot), in which all the 
nerve-fibres unite. The function of nerve-centres is three- 
fold: to receive nerte-impulses ; to originate and impart 
nerve-impulses ; and to transmit nerve-im pulses from one 
centre to another. That part of the nervous system which 
is concerned in the animal functions comprises the brsun, the 
spinal cord, and the nerves which are derived therefrom ; 
these are, together, called the cerebrospinal system (Fig. 54) ; 
while that other set of organs, which presides over and regu- 
lates the vegetative fmictions, is called the sympathetic system 
of nerves. 

7. The Brain. ^ — The brain is the great volume of nervous 
tissue that is lodged within the etcull. It is the largest and 
most complex of the nervous centres; its weight, in the adult, 
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being about fifty ounces, or one-fortieth of that of the whole 
body. The shape of the brain ia oval, or egg-shaped, with one 
extremity larger than the other, which is placed posteriorly in 
the skull, to the concavity of which it very closely conforina. 
The brain consists chiefly of two parts ; the ceTebrum, or brain 
proper, and the cerebellum, or "little brain." In addition to 
these, there are several smaller organs at the base, among 
which ia the commencement or expansion of the spinal cord, 
termed the Tnedulla ohlotujcita, or oblong marrow. 

8. The tissue of the brain is soft and easily altered in shape 
by pressure; it therefore requires to be placed in a well-pro- 
tected position, such as is affoitied by the akull, or craniuvi, 
which is strong without being cunibroua. In the course of 
an ordinary lifetime, this bony box sustains many blows with 
little inconvenience ; while, if they fell directly upon the brain, 
they would at once, and completely, disorganize that structure. 
Within the akull, the brain is enveloped by certain membranes, 
which at once protect it from friction and furnish it with a 
supply of nutrient vessels ; they are called the arachnoid, or 
"spider's web," the dura mater, and the pia mater, or the 
"tough" and "delicate coverings." These membranes also 
cover the spinal cord. 

9. The dura mater is the outer covering. It is very strong 
and tough, being composed of white fibrous and elastic tissue. 
Next comes the arachnoid, which consists of two layers of flat 
cells, one next the dura mater, and the other next the pia 
mater. Between these two layers is contained a small quan- 
tity of watery cerebrospinal fluid. This fluid ia alao found on 
the pia mater in the folds of the brain surface. The pia mater 
adheres closely to the surface of the brain and spinal cord. It 
is less tough and less cloaely woven with fibrous and elaatic 
tissue than the dura mater. It contains a network of blood- 
vessels which nourish the brain. The supply of blood sent to 
the brain is very liberal, amounting to one-fifth of all that the 

1. ThtCliiutortlisbr^nr Wbiit, Ihereforo. ti n>i|Dlred I Blowi gDUL«tvu&.\ *&»&- 
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entire body possesses. The brain of man is heavier B 
o£ any other animal, except the elephant and whale. 

10. The Cerebrum. — The brain proper, or cerebrum, is the 
largest of the inti'aeranial organs, and occupies the entire upper 
and front portion of the skull. It is almost completely bisected 
by a fissure, or cleft, running through it lengthwise, into two 
equal parts called hemisii/teres. The I'xtcrior of these hemjjj 
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spheres is gray in color, consisting chiefly of nerve-cells, arranged 
_ BO as to form a layer of gray matter one-fifth of an inch in 
thickness, and is abundantly supjiHed with blood-vessels. The 
interior of the brain, however, ia composed almost wholly of 
white substance, or nerve-fibres. 

11. The surface of the cerebrum is divided by a coDsident^ 
number of winding aud irregular furrows, about an inch c 
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into "convolutions," as shown in Fig. 55. Into these furrows 
the gray matter of the surface is extended, and, in this manner, 
its quantity is vastly increased: The extent of the entire Bur- 
fitce of the brain, with the convolutious unfolded, is computed to 
beequal to four square feet; and yet it is easily euclosed within 
the narrow limits of the skull. When it is stated that the 
gray matter is the true source of nervous power, it becomes 
evident that this arrangement has an important bearing on the 
mental capacity of the individual. And it is noticed that in 
children, before the mind is brought into vigorous use, these 




markings or furrows on the surface are comparatively shallow 
sod indistinct ; the same fact is true of the brain in the less 
civilized races of mankind and in the lower animals. It is also 
noticeable that among animals, those are the most capable 
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of being educated which have the best developmenl 
cerebrum. (Beoi Note 1.) 

12. The Cerebellum. — The "little brain" ia placed beneath 
the posterior part of the cerebrum, and. like the latter, is 




I 



divided into hemispheres. Like it, also, the surface of the 
Brebellum is composed of gray matter, aiid its interior is 

I. The Biain. — " Our brains are seTenty-year clocks. The AEgel of 
Life winds them up once for aU, then closes the cnee, and gives the key 
to the Angel of the Uesurrection. Tic-la^ t tic-tac t go tbe wheels of 
thought ; our will cannot stop them ; they cannot stop themselves ; vleep 
cannot atop them ; madness only jnakes them go faster ; death alona can 
break into the case, and, seizing the eyer-Hwinging pendulum, which we 
call the heart, silence at last tbe clicking of the lenible escapejnent we 
have carried so long beneath our wrinkled foreheads. . . . Now, when 
a gentleman's brain is ill-regulated or empty, it Is, to a great extent, his 
own fRult, and ao it la simple retribution that, while he lies elothfuUy or 
aimlessly dreaming, tbe fatal habit settles oti bim like a vampire and 
sucks his blood, fanning him all the while with ila liot wings iiitii deeper 
slumber or idler dreams." — Holinm' The Autocrat nf the Breakf'ttt- Table. 

II. LodnUoB Dftli<i"lJttlabr^t" 
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chiefiy white matter. It has, however, no convolutions, but is 
subdivided by many paxallel ridges, which, sending down gray 
matter deeply into the white, central portion, give the latter 
a somewhat branched appeai'ance. This peculiar appearance 
has been called the arbor vitce., or the " tree of life," from the 
fact that when a section of the organ is made, it bears some 
resemblance to the trunk and branches of a tree (Fig. 56, F). 
In size, this cerebellum, or "little brain," is less than one- 
eighth of the cerebrum. 

13. From the under surface of the cerebrum, and from the 
front margin of the cerebellnm, fibres collect together to form 
the medulla oUou'jala (Fig. 57, Ma), which, on issuing from 
the skull, enters the spinal column, and then becomes known 
as the spinal chord. From the base of the brain, and from the 
sides of the medulla originate, also, the cranial nerves, of which 
there are twelve pairs. These nerves are round cords of 
glistening white appearance, and, like the arteries, generally 
lie remote from the surface of the body, and are well protected 
from injury. 



14. The Cranial Kerves 



First Pair. T/ie Olfa^ory Neroea 

They pass from the base of the brain to the horizontal plate 

of the ethmoid bone, and send numerous filaments through its 

many perforations into the mucous membranes of the nose. 

They convey the sense of smell. 

Second Pair. The Optic Nerves 
They convey the sense of sight, and control the contractile 
movements of the iris. 

Tliird Pair. The Oculomotorius ■ 

It supplies most of the muscles moving the eyeball,- n 
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The Palhetkus 



Its only function is to control the action of the an 
oblique muscle of the eye, 

Fifih Pair. Tlte Trifiemiiuts 

This is the great sensitive nerve of the face, supplying the 
akin and mucous membrane of this region. It also has motor 
fibres which control eei-taiu muscles of the face. It also sup- 
plies certain parts of the eye, nose, and lachrymal glands, the 
teeth in both the upper and lower jaws, the salivary glands, 
and the tongue. 

Sixih Pair. The Abducens 

It is exchisively a motor nerve, controlling only one muscla 
namely, the external straight muscle of the eyeball. 



Seventh Pair. The Facial Nerves 

They are the motor nerves for the superficial muscles of the 
face, and may be correctly called the nerves of expression, by 
which the features ai-e animated in their varying movemenUl 
corresponding with the different phases of mental or emotdiH 
activity. 

Eighth Pair. Tlie Auditory Nerves 

They are distributed to the internal ear only, and foi'n; 
only connection between this and the brain, transmitting the 
nerve impulses which produce the sensation of sound. 

Ninth Pair. Tlie Olossopharyngeol Nerves 

They are both sensitive and motor nerves, controUii^ i 
sense of taste and the act of deglutition. 
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Tenth Pair. T!ie Pneumogastric Nerves 

They are the longest aud moat widely distributed of all the 
cranial nerves. It goes to the pharynx, cesophagus, stomach, 
liver, iuteatiues ; to the larynx, trachea, lungs, and heart. 

Eleventh Pair. Tlie Spinal Acceasoi-y Nerves 

Aa its name implies, this nerve received a part of its origin 
from the spinal eord, in the cervical region. A portion of it 
is incorporated in the vagus, and the other part supplies cer- 
tain muscles of the neck and chest. Some of its fibi-es entirely 
coutrol the power of the vocal chords to produce sounds. 

Twelfth Pair. Tite Hypoglossal Nerves 
Its only function ia the control of the motions of the tongue. 

15. The Sphial Cord. — Tlie spinal cord, or " marrow," ia a 
cylindrical mass of soft nervous tissue, which occupies a 
chamber, or tuunel, fashioned for it in the spinal column 
(Figs. 58 and 59). It is composed of the same substances 
as the brain; but the arrangement is exactly reversed — the 
white matter encompassing or surrounding the gray matter, 
instead of being encompassed by it. The amount of the white 
substance is also greatly in excess of the other material, A 
vertical fissure partly separates the cord into two lateral halveS( 
and each half is composed of two separate bundles of fibres, 
which are named the anterior and posterior columns. 

16. These columns have entirely different uaea, and each of 
them unites with a different portion of the nerves which have 
their origin in the spinal cord. The importance ot this part 
of the nervous system is apparent from the extreme care taken 

What l> atiUil of the pDeoniogsatrio uorvua' The Bjiltml icrassory oenesr The 
lif luglaiul nerru t 

IB. Seaerlbu tbecoiDiKHltlonof the aplDaJ curii. Wbit ii|ibcu doea the nplntd »rd ec- 
OUpy f In what reipect doe» the auhatance oompoalne llie aptbal cord apd the aDbatkboe 
eiHiip4>alb|f Ibfl brtklo Mgre* T In whit rcEiptct do they dIfTur F Duea whltn "r eny matter 
pndomlute In the Bplniil eord t Id Ibo brniii f Huw la the aptul cord dlilJiid f Camps. 
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to protect it from external iiijury. For, while a, very slij 
(liatiirbance of its structure suffices to disarm it of its power, 
yet so fitauncli ia its bony enclos- 
ure, that only by very severe inju- 
ries is it put in peril. The three 
membranes that cover the brain are 
continued downward, so as to en- 
velope and still further shield this 
delicate organism. 

17. The Spinal Nerves.— The 
spinal nerves, thirty-one pairs in 
niuaber, spring from each side of 
the cord by two roots, an anterior 
and a posterior root, which have the 
same functions as the coluiana bear- 
ing similar names. The posterior 
root is distinguished by poaaesaing 
a ganglion of gray matter, and by a 
somewhat larger size. The sueces- 
aive poiiita of departure, or the off- 
shooting of these nerves, occur at 
short and nearly tegular intervals 
along the course of the spinal cord. 
Soon after leaving theae points, the 
anterior and posterior roots unite to 
form the trunk of a nerve, which is 
distributed, by means of branches, 
to the various organs of that part 
of the body which this nerve U 
designed to serve. The spinal 
nerves supply chiefly the muscles 
of the trunt and limbs and the 
external surface of the body. 

18. The tissue composing the ^"'■ 
nerves is entirely of the white '""D^nl^spi 

n. TbaBpfiijilnBrieof The posleHur ruut • Tha nenes. how arranged ! TMlti 
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ity, or, in other words, the nerve-fibrea ; the same as we 
have observed forming a part of the brain. But the nerves, 
instead of being soft and pulpy, as in the case of the brain, 
ai'e dense in structure, being hardened and strengthened by 
means of a fibrous tissue which surrounds each of these deli- 
cate fibres, and binds them together in glistening, silvery 
bundles. Delicate and minutely line as are these nerve-fibres, 
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it is probable that each of them pursues an unbroken, isolated 
course, froui its origin, in the brain or elsewhere, to that par- 
tieiilar point which it is intended to serve. For, although their 
extremities are often only a hair's breadth distant from each 
other, the impression which any one of them communicatea is 
perfectly distinct, and is referred to the exact point whence 



19. This may be illustrated in a simple manner, thus: if two 
fingers be pressed closely together, and the point of a pin be 
carried lightly across from one to the other, the eyes may be 
closed, and yet we can easily note the precise instant when 
the pin passes from one finger to the other. If the nerve- 
fibres were legs independent, and if it were necessary that they 
should blend with and support each other, all accuracy of 
perception would be lost, and all information thus afforded 
would be pointless and confused. These silvery threads must, 
therefore, be spun out with an infinite degree of nicety. Imag- 
ine, for instance, the fibre which (-onuects the brain with some 
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point on the foot — ita length cannot he leas than one hnndred 
thousand times greater than ita diameter, and yet it performs 
ita work w-ith as mueh precision as fibres that are compara- 
tively much strouger, and less exposed. (Bead Note 2.) 

20. The Sympathetic System. — The sympathetic system 
nerves reiiiaius to be described. It consists of a double cl 
of ganglia, situated on ea«h side of tlie spinal column, and 
extending through the cavitiea of the trunk, and along the 
neck into the head. These ganglia are made up for the most 
part of small collections of gray nerve-cells, and arc the nerve- 
centres of this system. From these, numerous small nerves 
are derived, which connect the ganglia together, scud ont 
branches to the cranial and spinal nerves, and form networks 
in the vicinity of the Btoma^3h and other large organs. A con- 
siderable portion of them also follows the distribution of the 
large and small blood-vessela, in which the muscular ttmio 
appears. Branches also ascend into the head, and supply 
muscles of the eye and ear, and other organs of sense. 



B. How Bodily Sensations are Located. — " A nervous : 
in the ekin forma, as far as its uniuii witli tlie liraiti or coi 
one long, fine, unbroken tliread. The fibres, thua endi 
very soon join to form small branobeB, and finally in thick nerve trunks, 
bnt in no case do two nerve fibres coalesce so as to lose their identity. 
Every part of the skin has its own separate connections with the centre 
of the nervous systems, which unite tliero just as telegraph wires unite 
at a termhina. The brain is the terminus of these li[iea of nerves, andi 
B8 it were, receives and explains the messages sent to It. It disliiiguishea 
very clearly by what particular fibre such a message has come, and just 
aa the clerk in a telegraph office, where a great many wires meet from all 
■ides, knows by experieuue from what direction each wire brings iti 
messE^e, so the brain also knows by experience what part of the ekln 
i8 involved when a sensation reaches it along a certain nerve libre. It Ja 
proijable that the brain, by ita imaginative faculty, has formed a complete 
picture of the surface of the body ^ a kind of chart slowly made, and 
always being more highly perfected, by means of which, with, each im- 
pression from without, there arises in the brain a piotnre.of the spot upon 
the skin where the irritation has taken place. Mow, if an irritation 
to pass from one nerve fibre to anotlier, it is very plain, the brain 
not tell the place from which it came, and could not localize impra 
reofllvedfrom the world about us." — ienis(ein's Five Setuei of Halt. 
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21. In this manner the Tarioua regioaa of the body are 
associated with ea«h other by a nervous apparatus, which is 
only indirectly connected with the brain and spinal cord, and 
llms it is arranged that the most widely separated organs of 
the body are brought into close and active sympathy with each 
other, ao that "if one member suffers, all the other members 
suffer with it." From this fact, the name sympathetic system, 
or the great sympathetic nerve, has been given to the compli- 
cated apparatus we have briefly described. Blushing and 
pallor are caused by mental emotions, as modesty and fear, 
which produce opposite conditions of the capillaries of the 
face by means of these sympathetic nerves. {Head -Vofe 3.) 

22. The PropertieB of Nervous Tissue, — We have seen that 
in all parts of this system there are only two forms of nervous 
tisane, namely, the gray substance and the white substance, so 
called from their difference of color as seen by the naked eye; 



S. The Wonderful Operations of the Sympatbetic System. -^ Blusli' 
ing or " Shame-redness." — " A blow upon the head will knock a, man 
senselesH, but he still lives and survives ; a blow of lite violence upon 
the pit of the stomach is followed by instant death, ttecause the great 
centre of the organic nerves lies there, and the vital actions are suspended 
by the blow, so tbak the system never lives to recover, but abolition of 
function and of life at once foltons. Other actions also belong to this 
' organic nervous system. It controls the caliber of the blood-vessels, for 
which end filaments run along each of tliem. The body temperature is 
maintained by the production and dispersion of heat thus regulated, a, 
oontinuouB oscillation going on betwixt the tntemal vessels and those of 
the skin. It ia connected with the emotions ; and so the heart beats per- 
ceptibly with excitement, and the maiden's cheek blushes before words 
that should never be spoken, or thoughts that should never arise. The 
momentary dilatation of the vessels of the skin constitutes the bliiah (in 
the GErman, 'shame-redness'), which is not confined to the face, though 
ol couree it ia only seen there — the body being bid by the clothes." — 
FothergiH on Ike M/iinlenaiice nf Bealth. 

"There is an old tradition Uiat when the executioner of Charlotte 
Corday lifted her severed head high in air, and smote the face with his hand, 
the cheeks were seen to resent the insult with a blush. This reddening Is 
not impossible, for a decapitated head certainly may exhibit, for a time, 
certAJD reHex movements. But whether sensibility is retained caiuiot be 

SI. Ai«]CliIlQDDfUievarioasnsglDDSoniu!l»drT If onernHnbcnaffSnY 9\aiM><ut\ 
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or the nerve-cell, and the nerve-fibre, bo called from their 
microscopic appearance. Now these two tissues b 
Dionly mingled together, but either form separate organs or 
distinct parts of the same organs. This leads ns to the con- 
clusion that their respective uses are distinct. And tiiis proves 
to be the simple fact ; wherever we find the gray substance, we 
must look upon it as performing an active part in the systeiE 
—that is, it originates nervous impulses ; the white matter, on 
the contrary, is a passive agent, and serves merely as a con- 
ductor of nervous influences. Accordingly, the nervous centres, 
composed so largely of the gray cells, are the great centres of 
power, and the white fibres are simply the instruments by 
which the former commimicate with the near and distant 
regions of the body under their control. 

23. We may compare the brain, then, to the capital, or seat 
of government, while the various ganglia, including the gray 
matter of the cord, like so many subordinate official posts, are 
invested with authority over the outlying provinces ; and the 
nerves, with the white matter of the cord, are the highways 
over which messages go and return between these provinces 
and the local or central governments. But both forms of ner- 
vous tissue possess the same vital property called excitability, 
by which term is meant that, when a nerve-cell or fibre is 
Stimulated by some external agent, it is capable of receiving 
n impression, and o£ being by it excited into activity. A ray 
of light, for example, falling upon one extremity of a fibre in 
the eye, excites it throughout it& whole length; and its oilier 
extremity within the brain, communicating with a uerve-cell, 
the latter in its turn is excited, and the sensation of sight 
produced, (fieai Note 4.) 



leir \ 



\. TheHelatioDS of tbeBr^oD and Sympatbetic Nerve. — "Buried la 

the hidden rec«fisea ol the hody, between the Bpina,! column and the grcal 
organs at nutTLtiaii, there la a double row of smnll knots of nervous siib- 
slance, hound together by a series of nerves running from one to another, 
icc«sBion, from the neck to tlie boae of the column. The wliole 
appears like a long, fine cord, with knots at various distances — a collec- 
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24. What sort of chaDge takes place in the nervous tissue 
when its excitability is aroused, is not known ; certainly none 
is visible. On this account, it has been thought by some that 
the nerve-fibre .acts after the manner of a telegraph wire; that 
is, it transmits its messages without imdergoiug any material 
change of form. But though the coinpariaon is a conveuient 
one, it is far from being strictly applicable, and the notion 
that neri-c-force is identical with electricity has been fully 
proved to he incorrect. 

35. The Functions of the Merves. — The nerves are the in- 
BtrumentB of the two grand functions of the nervous system — 
Sensation and Motion. They are not the true centres of either 
function, but they are the conductors of influences which occa- 
sion both. If the nerve in a limb of a living animal be laid 
bare, and irritated by pinching, galvanizing, or the like, two 
results follow, namely : the animal experiences a sensation, 
that of pain, in the part in which the nerve is distributed, and 
the limb is thi'own into convulsive action. When a nerve in a 
human body is cut by a^'cident, or destroyed by disease, the 
part in which it ramiiies loses both sensation and power of 
motion; or, in other words, it is paralyzed. We accordingly 
say that the nerves have a two-fold use — a sensory and a 
motor function. 

tion of little braias, if I ma; use a rather crude expression. It ts, as the 
SwiBB would say, the 'great council' of this federative republic, which 
oouuterpolseH that cerehral loyaMy within us. It has been well named 
the great aympathetic nerve, and thia it is which makes the iawa by 
which our interior life is governed. The nutritive apparatus of a country, 
its commerce, its induHtry, the ioceafiant labor of its citizens, by wliioh 
the puhllo wealth is built up — and also let us add, the throbs of the 
national heart — all this the sympathetic system full plainly stiaws aa 
eliould be left to itself. It would be a flue a&air if llie brain had to 
watch over the service of the stumach, or if, at ita oonveoieuce, it regu- 
lated the movements of the master who dispaseB of ils life. Besides, 
what would become of the poor body if the least drowsiness attacked the 
universal centre ? Happy it is for ns — and let us not be slow to own It — 
that nature has armed herself against these encroachments of power." — 
Haci'a The Little Kingdom. 
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26. If a nerve that has been exposed be divided, and the 
inner end, or that still in connection with the nerve-centres be 
irritated, sensation is produced, but no luoveineot takes pia^e. 
But if the outer end, 
or that still connected 
with the limb, be irri- 
tated, then no pain is 
felt, but muscular cou- 
tractions are produced. 
Thus we prove that 
there are two distinct 
seta of fibres in the 
nerves — one of which, 
the sensory fibres, conduct toward the brain, and another, the 
•motor fibres, conduct to the muscles (see Fig. 60). The 
former may be said to begin in the skin and other organs 
and end in the brain, while the latter begin in the nervous 
centres and end in the muscles. They are like a double line 
of telegraph wires, one for inquiries, the other for responses. 

27. "VVe have already spoken of the two roots of the spinal 
nerves, called, from their points of origin in the spinal cord, 
the anterior and posterior roots. These have been separately 
cut and irritated in the living animal, and it has been found 
that the posterior root contains only sensory fibres, and the 
anterior root has only motor fibres. So that the nerves of a 
limb may be injured in such a way that id will retain power of 
motion and yet lose sensation ; or the reverse condition, feeling 
without motion, may exist. Between these two sorts of fibres 
no ditference of structure can be found; and where they 
joined to form a nerve, it is impossible to distinguish one 
from the other. 

28. Occasionally a nerve ia bo compressed as to be tempo- 
rarily unable to perform its functions ; a transient paralysis 
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then takes place. This is the case when the leg or arm "gets 
asleep," as it is expressed. "Wheu such is the condition with 
the leg, and the person suddenly attempts to walk, he is liable 
to fall, inasmueh as the motor fibres cannot convey orders to 
the musclea of the limb. Another fact 13 observed : there la 
no sensation in this nerve at the point of its compression ; but 
the whole limb is numb, and tingling sensations are felt in the 
foot — the point from which the sensoiy fibres arise. 

29. This illustrates the manner in which the brain inter- 
prets all injuries of the trunk of a nerve. Sensation or pain 
is not felt at the point of injury, but is referred to the outer 
extremities of the nerve, where impressions are habitually 
received. This is 'the reason why, after a limb has been 
amputated by the surgeon, the patient appears to suffer pain 
in the member that has been severed from the body; while 
some form of irritation at the end of the nerve in the wound, 
or stump, is the real source of his distress. Again, when the 
"funny-bone" — that ig, the ulnar nerve at the elbow — is 
accidentally struck, the tingling sensations thus produced are 
referred to the outer side of the hand and the little finger, the 
parts to which that nerve is distributed. 

30. All the spinal nerves, and two from the brain, are con- 
cerned in both sensation and motion. Of the remainder of 
the cranial nerves, some are escluaively motor, others exclu- 
sively sensory; and still others convey, not ordinary sensa- 
tions, but special impressions, such as eight, heai'ing, and 
Bmetl, which we have yet to consider. However much the 
functions of the nerves seem to vary, there is but little dif- 
fei'euce discoverable in the nerves themselves, when examined 
undei the microscoiie. Whatever difference exists must be 
accounts for in consequence of the nerves communicating 
with different portions of the gray matter of the brain. The 

'rate of motion of a message, to or from the brain along a 
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re, liaa been meaaui'ed by experiment upon the lower ani- 
mala, and estimated in the case of man at about two hundred 
feet per second. As compared with that of electricity, this is 
a very slow rate, but, in respect to the size of the humaa 
body, it is practically instantaneous. (Bead Note 5.) 

31. The Functitms of tlie Spinal Cord. — As the anterior and 
posterior roots of the spinal nerves have separate functions, bo 
the anterior and posterior columns of the cord are distinct 
in function. The former are concerned in the production of 
motion, the latter in sensation. If the cord be divided, as 
before In the ease of the nerve, it is found that the parts 
below the iwiut of injury are deprived of sensation and of 
the power of voluntai-y motion on both sides of the body — a 
form of paialyais which la called paraplegia. 

2. This form of disease — paraplegia — is sometimea seen 

iiig men, generally as the result of a fall, or some other 
severe at'cident, by which tlie bones of the spine are broken, 
and tbe cord is crushed, or pierced by fragments of bone. 
The parts which are supplied by nerves from the cord above 
tbe point of injury are as sensitive and mobile as before. The 
results are siniilar, whether the division happens at a higher 

lower portion of the spinal cord ; but the danger to 
life increases proportionately as the injiu-y approaches the 
brain. When it occurs iu tbe neck, the muscles of inspirai- 

. The Speed of Sensation and Thought. — " The rate uf nervous 
meiitaJ iictioii is not the same in all individuals. In comparing the 
records uimJe by astronnmera, it lias been found that an appreciable dif- 
ference exists in the rapidity nith which the same oacurrence may be 
noted by diSerent oheervers. This is known aa the ' personal equation,' 
d is allowed for with the greatest nicety in the malting up of astro- 
mical reports. With very delicate apparatus for marking time, the 
rious nervous impulses have been observed; from forty to a hun- 
dred feet In a second ars the estimates of different experiments as to the 
speed of sensation ; or, as it has been expressed, it would take a foil- 
grown whale a seciiiul 10 feel the stroke of a harpoon in his tail." ^ 
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tion are paralyzed, Biiice they are supplied by nerves issu- 
ing from that legion; and as a resiilt of this paralysis, 
the lungs are unable to act, and life is speedily brought to 
a close. 

33. When the spinal cotd of an animal has been cut, in 
experiment, it may be irritated in a manner similar to that 
alluded to when considering- the nerves. If, then, the upper cut 
surface be excited, it is found that pain, referable to the parts 
below the cut, is produced ; but when the lower cut surface is 
irritated, no feeling is manifested. So we conclude that in 
respect to sensation, the spinal coi'd is not its true centre, but 
that it is merely a conductor, and is therefore the great sensory 
nerve of the body. When the lower surface of the cut is irri- 
tated, the muscles of the parts below the setition are violently 
contracted. Hence we conelude that, in respect to the move- 
ments ordered by the will, the spinal cord is not their source, 
but that it acts only as a conductor, and is, accordingly, the 
great motor nerve of the body. 

34. Directi'in of the Fibres of the Cord. — If one lateral half 
of the spiral cord be cut, or injured, a very singular fact is 
observed. All voluntary power over the muscles of the corre- 
sponding half of the body is lost, but the sensibility of that 
side remains undiminished. This result shows that the motor 
fibres of the cord pursue a direct course, while its sensory 
fibres are bent from their course. And this has been proved to 
be the fact; for immediately after the posterior roots — the 
ctmductors of sensory impressions — join the posterior columns, 
they enter the gray matter of the cord, and passing over, 
ascend to the brain on the opposite side. Accordingly, the 
sensory fibres from the right and left sides interlace each other 
in the gray matter; this arrangement has been termed the 
decussation, or crossing of these filjres. This condition serves 
to explain how a disease or injury of the cord may cause a 
pai'alysis of motion in one leg, and a loss of sensation in the 
other. 
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35. The direction of the anterior, or motor columns of 
cortl, is downward from the bi'ain. In the coM itself, the 
course of the motor fibres is f oi- the most part a direct one ; 
but in the medulla oblongata, or upper extremity of the cord, 
and therefore eai-ly in their career, these fibres cross from side 
to aide in a mass, and not separately, as iij the case of tJie 
posterior fibres just mentioned. This arrangement is termed 
the iUcasaation of tlie anterior columns of the medulla. 

36. Prom thia double interlacing of fibres results a crosa 
action between the original and terminal extremity of all 
nerve-fibres which pass through the medulla — namely, those 
of all the spinal nerves. Consequently, if the right hand be 
hurt, the left side of the ts-ain feels the i)ain ; and if the left 
foot move, it is the right hemisphere which dictates its move- 
ment. For the same reason, when a loss of sensation and 
power of motion affecting the right side of the body alone is 
observed, the physiologist understands that the brain has been 
invaded by disease upon its left side. This affection is termed 
hemiplegia, or the "half -stroke." The full-stroke, which often 
follows the mpturo of a blood-vessel in the brain, is commonly 
called paralysis. 

37. The Reflex Action of the Cord. — We have already con- 
sidered the cord as the great motor and sensory nerve of the 
body, but it has another and extremely important use. By 
virtue of the gray matter, which occupies its central portion, it 
plays the part of an independent nerve centre. The spinal 
cord not only conducts some impressions to the brain, but it 
also arrests others; and, as it is expressed, "reflects" them 
into movements by its own power. This mode of nervous 
activity ia denominated the refiex action of the cord. 

38. A familiar example of this power of the cord is found in 
the violent movements which agitate a fowl after its head has 

afi. ULrectiun of tbe inMrlar or motar oolumot t In tlii card lUelf F In the m«lulli 
ublongatu 1 Ths decuBuUon f 
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buiillBbun! TbemavLnearUieftHitF LossorsenssUon luoneslde of the bixly T 
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been cut off. The cold-blooded animals also exhibit reflex 
movemeiits in an astonishing degree. A decapitated centipede 
will run rapidly forward, and will seemingly strive to over- 
turn, or else climb over obstacles placed in its way. A frog 
similarly mutilated will sustain its headless body upon its feet, 
in the standing posture, just as it might do if it were still 
alive. If pushed over, it will regain its feet; and if the feet 
are irritated, it will jump forward. There can be no doubt 
that, in the lower animals, movements may take place which 
are completely divorced from the will, sensation and conscious- 
ness; for in those animals, as well as in man, these faculties 
have their principal seat within the brain. 

39. An irritation is necessary, in most instances, to awaken 
reflex movements. In the case of the decapitated fowl, its 
mnscles are excited to convulsive action by reason of its being 
thrown upon the hard ground and roughly handled. Let it be 
treated differently, and the convulsions will not take place: 
let it be laid gently upon soft cotton, and the body will remain 
comparatively tiuiet. It may comfort some people to know 
that the convulsions which follow decapitation are not attended 
with pain, nor are they a necessary part of the *' act of death," 
as some suppose. 

40. In the human body, likewise, actions are excited that 
are entirely distinct from the ordinary voluntary efforts. It is 
Sot permissible, desirable, nor even necessary to decapitate a 
man that the body may be disconnected from his brain, in 
order to test the effect of irritation upon the spina! cord — 
although the bodies of beheaded criminals have been exiwri- 
inented upon, and caused to move by powerful galvanic bat- 
teries. Such experiments are rendered unnecessary by the 
occurrence of certain deplorable cases of disease and injury, 
which effectually sever all communicatiou between the brain 
and a large part of the body. 

41. Thus, the cord by an accident may be so far injured aa 
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to terminate all sensation and voluntary motion in the loirer 
■ half of the hody, the patient seeming lifeless and powerless from 
the waist downward. And yet, hy tiokliiig or pinchiiig either 
foot, the leg of the same side may he made to jerk, or evea 
to kick with considerable force ; hut, unless the patient is ob- 
serving his limbs, he is wholly iinconscioua of these movements, 
which are, therefore, performed independently of the brain. 
And they are in nowise due to the muscles of the limbj for, 
if the cord itself become diseased below the point of injury, 
the muscles cease to contract, 

42. For the production of this form of nervous action, three 
things are requisite — (1) a nerve to conduct messages from 
the surface of the hody, one of that variety formerly described 
aa sensory, but which are now known to be incapable of awaken- 
ing sensation; (2) a portion of uninjured spinal cord, which 
shall reflect or convert imjpressious into impulses; and (3) a 
motor nerve to conduct impulses outward to the muscles. The 
power of the cord to enforce reflex acts resides in the gray 
matter, into which the refiex nerves enter and from which 
they depart, by means of their posterior and anterior roots 
respectively. 

43. The Bsea of the Reflex Action. — The reflex activity of 
the cord is exhibited in the healthy body in many ways, but 
since it is never accompanied with sensation, we do not readily 
recognize it in our own Ijodies. Keflex movements are beat 
studied in the eases of other persons, when the conditions en- 
able us to distinguish between acts that are consciously, and 

ise that are unconsciously performed. For example, if the 
foot of a person soundly asleep be tickled or pinched, it wiU _ 
be quickly withdrawn from the irritation. 

44 Similar movements may be observed in oases where the 
consciousness and sensation are temporarily obliterated by 
disease, or by means of narcotic poisons. If the arm of a per- 
son who has been rendered insensible by chloroforju he raised, 
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46. An excess of this activity may also be observed i 
diseaae. In tliis condition, the excitability of the eord i 
unnaturally aroused, and frequent and violent movemeuta of 
the limbs and body, called convulsions, are the result. The 
convulsioua of young children, and the nervous agitation of 
lAorea, or St. Vitna'a <lance, are reflex in character, as are also 
the symptoms attending poisoning by strychnine, and those 
terrible diseases, tetamts, or "locked jaw," and kifdropkobia. 
The severity of the cJDnvulaions is not the same in all cases of 
these disorders ; but, in those last mentioned, the most violent 
spasmodic movements are provoked by the slightest form of 
irritation — such as the sound of pouring water, the sight of 
any glittering object, the glancing of a mirror, the contact 
of cool air, or even the touch of the bed-clothes. 

47. Another variety of reflex motions takes place in certain 
involuntary muscles, and over these the cord exercises supreme 
control,' They are principally those movements which aid the 
performance of digestion and nutrition, the valve-action of the 
pylorus, and other movements of the stomach and intestines. 

cinns maal, a single sleepleaa nigbt, a aiugle passion or piece nf bad news, 
will destroy it. On the other hand, a vivid hope, a cheerful reaolve, an 
absorbing interest will restore it as if by magic. For in man, lliese lower 
officers in the nervous hierarchy draw Uielr very breath according t" the 
bidding ol the higher powers. But the dependence of the higher on 'aia 
lower 1b nu less direct. The mutaal action takes place in each line. A 
chief condition of keeping the brain healthy is to beep these unconscious 
nerrous functions in full vigor, and in natural alterations of activity and 
repose. We see evidence of this law !□ the delightful eSect of a cheerful 
walk after a depressed or irritated stale of mind. Every part of tbe nor- 
voos system makes its influence felt by all the rest. A sort of constttu- 
ttonal monarchy exists within us ; no power In this small state is absolute 
or can escape the checlts and limitntjons which the other powers iinpoM. 
Doubtless the Brain Is King, but I^ords and Commons have their seala 
below and guard their privilege with jealous zeal. If the 'constitution' 
of your personal realm is to be preserved intact, it, must be by tlie eflorts 
of each pact, lawfully directed to a common end." — Sialon on Heallh 
and Ita Condition. 
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111 these movements the m.inil shares no part. And it is well 
that this is so ; for, since the mind is largely occupied with 
affairs external to the hody, it acts irregularly, becomes 
fatigued, and needs frequent rest. The spinal cord, on the 
contrary, ia well fitted for the form of work on which depends 
the growth and support of the body, as it acts uniformly, and 
.with a machine-like regularity, 

48. These operations are not accompanied hy consciousness ; 
for, as a general rule, the attention is only called to them when 
they become disordered. Many a person docs not know where 
his stomach is situated until he discovers its position by reason 
of a feeling of distress within it, produced by giving that 
organ improper work to perform. In this manner the higher 
and nobler faculties of the mind are liberated from the simple 
routine duties of the body, and we are thna left to direct the 
attention, the reason, and the will to the accomplishment of 
the great ends of our existence. If it were otherwise, we 
could only find time to attend to our ordinary physical wants. 

49. The objects of the reflex activity of the cord are three- 
fold. In the first place, it acts as the protector of man in his 
unconscious moments. It is his unseen guardian, always ready 
to act, never growing weary, and never requiring sleep. Nor 
does its faitliful action wholly cease with the cessation of life 
in other parts. In the second place, it is the regulator of 
numerous involimtary motiuna that are necessary to the nutri- 
tion of the body. Here its actions are entirely independent 
of the brain, and are performed in a secret and automatic 
manner. And, thirdly, it acts as a substitute, and regulates 
involuntary movements in the muscles usually under the influ- 
ence of the wilL It thus takes the place of the higher facul- 
ties in performing habitual acts, and permits them to extend 
their operations more and more beyond the body and its 
material wants. 

50. The FaactiODB of the Medulla Oblongata. — The prolonga- 
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46. An excess of tliis activity may also be observed i 
diBeaee. In this condition, the excitability of the cord is 
unnaturany aroused, and frequent and violent movements of 
the limbs and body, called convulsions, are the result. The 
convulsions of young children, and the nervous agitation of 
chorea, or St. Vitus's dance, are reflex in character, as are also 
the symptoms attending poisoning by strycbnine, and those 
terrible diseases, telanus, or "locked jaw," and h/drophobia. 
The severity of the couvulsiona is not the same iu all cases of 
these disorders ; but, iu those last mentioned, the most violent 
spasmodic movements are provoked by the slightest form of 
irritation — such as the sound of pouring water, the sight of 
any glittering object, the glancing of a mirror, the contact 
of cool air, or even the touch of the bed-clothes. 

47. Another variety of reflex motions takes place in certain 
involuntary muscles, and over these the cord exercises supreme 
control.' They are principally those movements which aid the 
performance of digestion and nutrition, the valve-action of the 
pylorus, and other movements of the stomach and intestinea. 

cioua meal, n single sleepless nlg)it, e, single passion or piece oC bad newSi 
will destroy it. On the other hand, a vivid Lope, a clieerful resolve, an 
atmotbing interest will restore it as if by inaglo. For in man, these lower 
officers in the nervoua hierarchy draw their very breath according in the 
bidding of the higher powers. But the dependence of the higher on the 
lower is no less direct. The mutual action takes place in each line. A 
chief condition of keeping the brain healthy is to keep these uncDnscIouB 
nervous functions in full vigor, and In natural alterations oE activity and 
repose. We see evidence of this law in the delightful efiect of a cheerful 
vrallc after a depressed or irritated state of mind. Every part of the ner- 
vous system makes its influence felt by all the rest. A sort of constita- 
tlonal nionitrehy exists within us ; no power in this Hmall state is absolute 
or can escape the checks and lirailAtions which the other powers impom. 
Doubtless the Brain is King, but Lords and Commons have their seats 
beluw aud guard their privilege with jealous zeal. If Oie 'constitution' 
of your personal realm is to be preserved intact, it must be by the efforts 
of each part, lawfully directed to a common end." — Vinton ■»« Bealth 
and Ua Coitdilion. 
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In these movements the mmd shares no part. AniJ it is well 
that this ia so; for, since the miud is largely occupied with 
affairs external to the body, it acta irregularly, becomes 
fatigued, and needs frequent rest. The spinal cord, on the 
contrary, ia well fitted for the form of work on which depends 
the growth and support of the body, as it acts uniformly, and 
.with a machine-like regularity. 

48. These operations are not accompanied by consciousness ; 
for, as a general rule, the attention ig only called to tliem when 
they become disordered. Many a person does not know where 
bis stomach ia situated until he discovers its position by reason 
of a feeling of distress within it, produced by giving that 
organ improper work to perform. In this manner the higher 
and nobler faculties of the mind are liberated from the simple 
routine duties of the body, and we are thus left to direct the 
attention, the reason, and the will to the accomplishment of 
the great ends of our existence. If it were otherwise, we 
could only lind time to attend to our ordinary physical wants. 

49. The objects of the reflex activity of the cord are three- 
fold. In the first plaee, it acts as the protector of man in his 
unconscious moments. It is his unseen guardian, always ready 
to act, never growing weary, and never re<iuiring sleep. Nor 
does its faithful action wholly cease with the cessation of life 
in other parts. In the second place, it is the regulator of 
numerous involuntary motions that are necessary to the nutri- 
tion of the body. Here its actions are entirely independent 
of the brain, and are performed in a secret and automatic 
manner. And, thirdly, it acts as a substitute, and regulates 
involuntary movements in the muscles usually under the influ- 
ence of the will. It thus takes the place of the higher facul- 
ties in performing habitual acts, and permits them to extend 
their operations more and more beyond the body and its 
material wants. 

50. The Fonctions of the Medulla Ohlongats. — The prolonga- 
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56. There have been a few, but only a few, men of distin- 
guished ability whose braina have been comparatively small in 

— the rule being that great men possess large brauis. The 
relative weight of the braia of man, as compared with the 
eight of the body, does not, in all instances, exceed that of 
the inferior animals ; the canary and other ainging-bii'da have 
a greater relative amoimt of nervous matter than man ; but 
man surpasses all other creatures in the size of the hemi- 
Bpheres of the cerebrum, and in the amount of gray substance 
which they contain. (Bead Xotes 7 and 8.) 

57. lb is a singular fact that this cerebral substance is insen- 
sitive, and may be cut ivitbout causing pain. The removal of 

7. The Alliance of Mind and Body. — "The refjular routine of our 
daily life is the cauiit^rpart of the mental routine. A liealthy ina.n wakens 
in the morning witli a flush of spirits and energy ; liia fiiet meal confirms 
and reinforces the state. The mental powers and HUsceptibiliCies are 
then aX, a maximum; as the nutrition is nsed up in the ajsCem they 
gradually fade, but may be renewed once and again by retresliraent and 
brief remission of toil. To'vards the end ot Uie day laasltDde sets in, and 
fades into the deep nnconscioasnees of healthy sleep. . . . Tbe influ- 
ences that aSect the body extend not only to the grosser modes of feel- 
ing, and to such familiar exhibitions as after-dinner oratory, but also to 
the highest emotions — love, anger, esthetic feeling, and mSral sensibility, 
Health keeps an Atheist in the dark. Bodily affliction is often the cause 
of a total change in tlie moral tiature." — Bain's Miitd and Body. 

B. Large Brains. — " As a rule the size of the brain is proportional to 
the mentri development in human beings. The rule is not Btriotly main- 
tained in every, instance ; occasionaliy a etiipid man has a larger brain 
tlian a oiever man. But these are only individual exceptions to a prev^l- 
ing arrangement. The following are the brain weights of several dlatia- 
guished men : 

Cuvier 64.5az. | Lord Campbell 58.6 « 

Abercrnmble 03. " Agassis 

Daniel Webster 53.5" I De Morgan., 

" The average male brain in T^uropeans is 4f).6 oz. ; tbe female, 44 02, 
Among idiots Hie weights have run from 27 to 8.5 oz. The brains of the 
insane are below tlie average of tlie sane. Tall men, as a rule, have 
larger braina than small men." — Bain's Mhid iind Body. 
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a eonaiderable quantity of the brain lias taken place, aa the 
result of acddeut, without causing dpath, and without even 
affectiug scrioualy the lutullfi t A reniarktible i<ibi' o£ mjury 
of the braiu is recorded, m whifli, from the accidental explu- 
flion of gunpowder used in blasting a rock, the "tamping-iron" 
was driven directly through the skull of a mao. This iron 
rod, three feet and seven inches long, an inch and a quarter 
in diameter, and weighing more than, thirteen pounds, entered 
the head below the ear and passed out at the top of the skulj, 
carrying with it portions of the brain and fragments of bone^. 
The man sustained the loss of sight on one side, but otherwise 
recovered his health and the use of hia faculties. Moreover, 
disease has occurred, coiupromising a large portion of the 
brain, without impairing the faculties of the mind, when the 
disease was limited to one side only. (^Eead JVbte o.) 

9. The Emotions Influence the Bodily Health. — "The exciting emo- 
tions which are pleasurable, such as joy and hape, are of a, kind that 
seldom tend to a diingeriiiis excess, and uiay be regarded as ezercialng 
generally an eminently healthful influence upon tlie body. Hilarity is a 
great refreslier and slrengtUeiier of life. Laughter Is a wholesome exer- 
oUf, which, beginning at the lungs, diapliragm, and connected mnscles, is 
oontinued to the" whole body, 'shaking the sides,' and causing that jelly- 
like vil)rntion of the frame of which we are so agreeably conscious when 
under its influence. The heart beats more briskly, but with a safe regu- 
larity of action, and sends the blood to the smallest and most distant 
vessel. The face glows with warmth aud color, the eye brightens, and 
Qia temperature of the whole body is moderately raised. With the iml- 
remal pleasurable sensation there comes a disposition of every organ to 
healthy action. When hilarity and its ordinary expression o£ laughter 
become habitual, the insen.^ible perspiration of the skin is increased, the 
breathing quickened, the lungs and chest expanded, the appetite and, 
digestion strengtliened, and nutrition consequently increased. The old 
proverb, 'Laugh and grow fat,' states a scientific truth. The influence 
of laughter upon the body is recognized by Shakespeare, in his deacrip- 
tionof the 'spare Cnsslns' — 'Seldom he smiies.' 'To be frec-mhided 
and cheerfully disposed at hours of meat, and sleep, and exercise, is one 
of the best precepts of long-lasting.' Sucli is the testimony of Lord Bacon 
to .the favorable influence of the pleasurable emotions upon the body. 
The depressing emoUons, such as fear, anxiety, and grief, are always 
fatal to health, and frequent causes of death. There is on Eastern 
■pologUB which describes a stranger on the road meeting the Plaigjfi, 
jMining out of Bagdad. 'Tou have been commiW:\Q?,i£t6M.Vii.-iQf 
traFeJer,jioin[ing to thecily. 'Sij\.80 ^s>.V le.'C^'ieA.'fltta 
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58. Impressions eonYeyed to the hemispheres froai the 
external world, arouse the mental operations called tliought, 
emotion, and the will. These ai-e the godlike attributes which 
enable man to subjugate a world, and afterwards cause him 
to "sigh for other worlds to conquer;" which enable him 
to acquaint himself with the properties of planets millions 
of miles distant from him, and which give him that creativft 
power by which he builds and peoples the new worlds of 
poetry and art. 

59. All these mental acts, and many others, are developed 
through the action of the brain ; not that the brain and the 
mind are the same, or that the brain secretes memory, imagi- 
nation, or the ideas of truth and justice, ag the stomach 
secretes gastric juice. But rather, as the nerve of the eye, 
stimulated by the subtile waves of light, occasions the notion 
of color, so the brain, called into action by the mysteric 
iufluencea of the immaterial soul, gives rise to all intellectu 
emotional, and voluntary activities. 

60. The cerebrum, according to our present knowledge of 
it, must be regarded as a single organ, which produces different 
results, according as it is acted upon by the immaterial mind 

different ways. Recent investigations, however, seem to 
prove that the faculty of language is dependent upon a s 
part of the left hemisphere of the cerebrum near the temple. 
At least, in almost every instance where this part ii 
the patient can no longer express himself in speech and writi 
(Bead Note 10.) 



I only killed one-third of those who died ; the other two-tbirda t 
tbemselveu with fright.' " — The Boole of Uealtk. 

'\ Mental Exercise Necessary to Perfect Healtb. — "The Impr 
nient of Che memory is a familiar InBtance of an increaae of mental p 
produced by exercise ; and the beating sense of fulness and qnii 
oliculation in the head iaduced by intense study or thooghC £. 
au organic proet bs goes on when the britio is In activity, Himilar ti 
which takes place in the Tnnscular aystem imder eiercii 
trary, when the organ is little osed, little eKpeudlture of its power a 
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61. The Reflex Action of the Brain. — The reflex function of 
the organs withiu the skull is very active and important. Like 
that of the cord, it protects the body by involuntary move- 
ments, it regulatea the so-called vegetative acts, and it takes 
the place of the will in controlling the voluntary muscles, 
when the attention is turned in other directions. The reflex 
power of the medulla governs the acta of respiration, which 
are absolutely and continuously essential to life. Respiration 
is, as we have seen, partly under the influence of the wUl ; but 
this is due in part to the fact that respiration is indirectly con- 
cerned in one of the animal functions — that of speech. 

62. Reflex action also occasions coughing and sneezing, 
whenever improper substances enter the air-passages. Wink- 
ing is an act of the same sort, and serves both to shield the 
eyes from too great glare of light, and to preserve them by 
keeping the cornea moist. Looking at the sun or other strong 
light, causes sneezing by reflex action. Laughing, whether 
caused by tickling the feet or by some hapyjy tliought, and 
also sobbing, are reflex acts, taking place by means of the 
respiratory muscles. 

63. Certain of the protective reflex movements call into 
play a large number of muscles, as in the balancing of the 
body when walking along a narrow ledge, or on a slippery 
pavement. The dodging motion of the recruit, when the first 
cannon ball passes over his head, is reflex and involuntary. 

HubataDCe lakes place, little blood and little nervous energy are required 
lor its support, and, therefore, little is sent ; nutrition in consequence 
soon becomes languid, and strength impaired. To all these laws the 
brain ia subject equally as the rest of the bodj'. Frequent and regular 
exercise gives it increased sasceptibility of action, with power to sustain 
it, the nervous energy acquiring strength as well as the vaaculnr. Dls- 
use of its functions, or, in other words, inactivity of intellect and of feel- 
ing, impairs its structure and weakens the several powers which it serves 
to manifest. The brain, therefore, in order to maintain its healthy state, 
requires to be duly exercised." — Barlow on PA^ncoZ Education. 
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The fact that these involuntary reflex acta are performed with 
great precisian, will explain why it is that accidents seldom 
befall the somnainldiliat, or sleep-walker, although lie often 
ventures in the most perilous places. 

64. Walking, sitting, and other acts of daily life, become 
automatic, or reflex, from habit ; the mind is seldom directed 
to them, but delegates their control to the medidla and spinal 
cord. Thus a person in walking may traverse several miles 
while absorbed in thought, or in argument with a companion, 
and yet be conscious of scarcely one in a thousand of the acts 
that have been necessary to carry his body from one point to 
another. By this admirable and beautiful provision the mind 
S released from the charge of the ordinary mechanical acta of 
life, and may devote itself to the exercise of its nobler facul- 
ties. And it is worthy of notice, that the more these faculties 

J used, tlie more work does the reflex function assume and 
perform; and thus the employment of the one insures the 
improvement of the other. (Bead Nutes 11 and 12.) 

XI. Automatic Action of the Brain. — "A large part of our mental 

aclivity consiala of this unconHCiona work of the btaiii. There nre many 

in which the mind has obviously worked more dearly and mora 

successfnllj in this automatic condition, wlien. left entirely to ibielf, than 

when we have been cudgeling our brains, so to epeak, to get the aolulion. 

An Instance, well authenticated, is related of a college student ; he had 

been attending a class in mathematics, and the professor said to his 

Btudenta one day : ' A question of great dil&cuity has been referred to me 

by a banker — a very complicated question of accounts, which they have 

t themselves been able to bring to a salisfai^ry issue, and they have 

asked my assistance. I have been trying, and I cannot resolve It. I 

have covered whole sheets of paiier with calculations, and have not lieen 

to make it out. Will jou try?' He gave it to them as a sort of 

problem, and said he would be extremely obliged to any one who would 

bring him the solntion by a certain day. This gentleman tried it over and 

er again; he covered many slates with figures, but did not succeed. 

; was ' put on hia mettle,' and deterniined to achieve the result. But 

went to bed on the night before the solution was to be given in with- 

t having succeeded. In the morning, when he went to his desk, he 

found the whole problem worlrod out and in his own hand, lie had 

in the night and unconsciously worked it out correctly, as the 
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and then allowed to fall, it will be noticed that the limh does 
not drop instantly, like a lifelesa member, but a certain amount 
of rigidity remains in ita muscles, which resists or breaks the 
force of its descent. Again, when a substanee like melted 
sealing-wax, or a heated coin, falls upon the hand, the limb is 
snatched away at once, even before the feeling of pain has 
been recognized by the brain. When jolted in a rapidly mov- 
ing car, we involuntarily step forward or backward, so as to 
preserve the centre of gravity of the body. 

45. These and similar acts are executed by the same mechan- 
ism as that previously described in the case of paralysis from 
an injui'y of the spinal cord. The muscles thus called into 
play are those which are ordinarily under the sway of the will, 
but which in these cases act through this reflex action of the 
cord, altogether independently of the will. A healthful reflex 
activity produces an elasticity, or " tone," in the voluntary mus- 
cular Bystem, which in a great measure explains the existence 
in the young and vigorous of a feeling of buoyancy and reserve 
power. Its possessor is restlessly active, and it may appropri- 
ately be said of him, "he rfejoiceth as a strong man to run a 
race." But this refiex energy may be deficient. This is true 
when the blood is poor and wanting in its solid ingredients, or 
the circulation is feeble; the muscles, then, are Habhy and 
weak, and the person himself is said to be "nerveless," or in- 
disposed to exertion. Shivering from cold and trembling from 
fear may, in part, be referred to a temporary loss of tone, 
resulting from a powerful impression npou the bi-ain. iBead 
Note 8.) 

6. On Nervons Health, or Tone. — " That state of Rcneral vigor, which 
we c&ll ' tone,' depends upon the healthy action of the nervoUH centres. 
It consists in the habitual njniierate contraction of the muscles, due to a 
constant stimulus exerted on them by the cord, and is valuable less for 
Itself than aa a aign of a. aouiid nervoua balance. Tone is maintained 
partly by healthful impressions radiated apon the spinal cord through the 
nerves from all parts uf the bully, nnd partly by the stlmutos poured 
down upon it fnim the lirHin. So it is disturbed by whatever conveys 
irritating or depressin;; influcuceB in eitlier direction, A sins'i' injudi- 
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to terminate all sensation and voluntary motion in the lowei? 
■ half of the body, the patient spBming lifeless and powerless from 
the waist downward. And yet, by tickling or pinuhing either 
foot, the leg of the same side may be made to jei'k, or even 
to kick with considerable force ; but, unless the patient is ob- 
serving his limbs, he is wholly nnconseions of these movements, 
which are, therefore, performed independently of the brain. 
And they are in nowise due to the muscles of the limb; for, 
if the cord itself become diseased below the point of injury, 
tiie muscles cease to contract, 

42. Por the production of this form of nervous action, three 
things are requisite — (1) a nerve to conduct messages from 
the surface of the body, one of that variety formerly described 
as sensory, but which are now known to be incapable of awaken- 
ing sensation ; (2) a portion of uninjured spinal cord, which 
shall reflect or convert impressions into impulses; and (3) a 
motor nerve to conduct impulses outward to the muscles. The 
power of the cord to enforce reflex acts resides in the gray 
matter, into which the reflex nerves enter and from which 
they depart, by means of their posterior and anterior roots 
respectively. 

43. The Uses of the Reflex Action. — ^The reflex activity of 
the cord is exhibited in the healthy body in many ways, but 
since it is never accompanied with sensation, we do not readily 
recognize it in our own bodies. Reflex movements are best 
studied in the cases of other persons, when the conditions en- 
able us to distinguish between acts that are consciously, and 
those that are unconsciously performed. For example, if the 
foot of a person soundly asleep be tickled or pinched, it will 
lie quickly withdrawn from the irritation. 

44. Similar movements may be observed in cases where the 
consciousness and sensation are temporarily obliterated by 

, or by means of narcotic poisons. If the arm of a per- 
D has been rendered insensible by chloroform be raised. 
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and then allowed to fall, it will be Doticed that the limb does 
not drop instantly, like a lifeless member, but a certain amount 
of rigidity remains in its muscles, which resists or breaks the 
force of its descent Again, when a substance like melted 
sealing-wax, or a heated coin, falls upon the hand, the limb is 
snatched away at once, even before the feeling of pain has 
been recognized by the brain. When jolted in a rapidly mov- 
ing car, we involuntarily step forward or backward, so as to 
preserve the centre of gravity of the body. 

45. These and similar acts are executed by the same meehan- 
ism as that previously described in the case of paralysis from 
an injury of the spinal cord. The muscles thus called into 
play are those which are ordinarily under the sway of the will, 
but which in these cases act through this reflex action of the 
cord, altogether independently of the will. A healthful reflex 
activity produces an elasticity, or " tone," in the voluntary mus- 
cular system, which in a great measure explains the existence 
in the young and Tigorous of a feeling of buoyancy and reserve 
power. Its possessor is restlessly aetive, and it may appropri- 
ately be said of him, " he rfejoiceth as a strong man to run a 
race." But this reflex energy may be deficient. This is true 
when the blood is poor and wanting in its solid ingredients, or 
the circulation is feeble; the muscles, then, are flabby and 
weak, aud the person himself is said to be "uerveless," or in- 
disposed to exertion. Shivering from cold and trembling from 
fear may, in part, be referred to a temporary loss of tone, 
resulting from a powerful impression upon the brain. (Bead 
Xbit 8.) 

e, On NervooB Health, or Tone. — " That slate of general vigor, which 
we ctLll ' tone,' depends upon llie healthy action of the nervous centres. 
It cnnBlais in the habitual ninderate contraction of the muscles, due to a 
constant stimulus exerted on thorn by the cord, and ia valuable le£s for 
itself than as a sign of a Eutmd nervous balance. Tone is maintained 
partly by healthful impressions radiated npon the spinal cord through tije 
nerves from all pnrts of the body, and partly by the stimulus poured 
down upon it from the brain, Sti it is liistarbed by whatever conveys 
initating or depressing influences in either direction, A single iujudi- 
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36. The direction of the anterior, or motor columns of tha 
cord, is downward from the hrain. In the cord itself, the 
course of the motor fibres is for the most part a direct one ; 
but in the medulla oblongata, or upper extremity of the cord, 
and therefore early in their career, these fibres cross from side 
to side in a mass, and not separately, as iq the case of the 
posterior fibres just mentioned. This arrEingement is termed 
llie decussation of the anterior columns of the medulla. 

36. From this double inte.rlacing of fibres results a cross 
action between the original and terminal extremity of all 
nerve-fibres which pass through the medulla — najnely, tliose 
of all the spinal nerves. Consequently, if the right hand be 
hurt, the left side of the brain feels the pain ; and if the left 
foot move, it is the right hemisphere which dictates its move- 
ment. Tor the same reason, when a loss of sensation and 
power of motion affecting the right aide of the body ahme ia 
observed, the physiologist understands that the brain has been 
invafled by disease upon its left side. This affection is termed 
hemiplegict, or the "half-stroke." The full-stroke, which often 
follows the rupture of a blood-vessel in the brain, 
called pardli/Kis. 

37. The Reflex Action of the Cord. — We have already con- 
sidered the cord as the great motor and sensory nerve of the 
body, but it has another and extremely important use. By 
virtue of the gray matter, which occupies its central portion, it 
playa the part of an independent nerve centre. The spinal 
cord not only conducts some impressions to the brain, but it 
also arreata others; and, as it ia expressed, "reflects" them 
into movements by its own power. This mode of nen 
activity ia denominated the reflex action of the cord, 

38. A familiar example of this power of the cord ia found Vtt 
the violent movements which agitate a fowl after its head has 
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been cut off. The cold-blooded animals also exhibit reflex 
movements in an astonishing degree, A decapitated centipede 
will run rapidly forward, and will seemingly strive to over- 
turn, or else climb over obstacles placed in its way. A frog 
similarly mutilated will sustain its headless body upon its feet, 
in the standing posture, just as it might do if it were still 
alive. If pushed over, it will regain its feet; and if the feet 
are irritated, it will jump forward. There can be no doubt 
that, in the lower animals, movements may take place which 
are completely divorced from the will, sensation and conscious- 
ness ; for in those animals, as well as in man, these faculties 
have their principal seat within the brain. 

39. An irritation is necessary, in most instances, to awaken 
reflex movements. In the case of the decapitated fowl, its 
muscles are excited to convulsive action by reason of its being 
thrqwn upon the hard grouud and roughly handled. Let it be 
treated differently, and the convulsions will not take place ; 
let it be laid gently upon soft cotton, and the body will remain 
comparatively quiet. It may comfort some people to know 
that the convulsions which follow decapitation are not attended 
with pain, nor are they a necessary part of the " act of death," 
as some suppose. 

40. In the human body, likewise, actions are excited that 
are entirely distinct from the ordinary voluntary efforts. It is 
tot permissible, desirable, nor even necessary to decapitate a 
man that the body may be disconnected from his brain, in 
order to test the effect of irritation upon the spinal cord — 
although the bodies of beheaded criminals have been experi- 
mented u|>on, and caused to move by powerful galvanic bat- 
teries. Such experiments are rendered unnecessary by the 
occurrence of certain deplorable cases of disease and injury, 
which effectually sever all communication between the brain 
and a large part of the body. 

41. Thus, the cord by an accident may be so far injured as 
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toterminata all sensation and voluntary motiou iu tlie lower 
' half of the body, the patient seeming lifeless and powerless from 
tlie waist downward. And yet, by tit^kling or piunliijif; either 
foot, the leg of the same side may be made to jerli, or evea 
to kick with considerable foree ; but, loiileBS the patient ia ob- 
serving his limbs, he is wholly unconscious of these mnvementa, 
which are, therefore, performed iudepenilently of the brain. 
And they are iu nowise due to the muscles of the limb; for, 
if the cord itself become diseased below the poiut of injury, 
the muscles cease to contract. 

42. For the production of this form of nervous action, three 
things are requisite — (1) a nerve to conduct messages from 
the surface of the body, one of that variety formerly described 
as sensory, but which are now known to be incapable of awaken- 
ing sensation ; (2) a portion of uninjured spinal cord, which 
shall reflect or convert inijjresaions into impulses; and (3) a 

or nerve to conduct impulses outward to the muscles. The 
power of the cord to enforce reflex acts resides in the gray 
matter, into which the reflex nerves enter and from which 
they depart, by means of their posterior and anterior roots 
respectively. 

43. The Uses of the Reflex Action. — The reflex activity of 
the cord ia exhibited in the healthy body in many ways, but 
since it ia never accompanied with sensation, we do not readily 
recognize it in our own bodies. Keflex movementa are beat 
studied in the cases of other persons, when the conditions en- 
able us to distinguish between acts that are consciously, aod 

le that are unconsciously performed. For example, if the 
foot of a person soundly asleep be tickled or pinched, it will 
be quickly withdrawn from the irritation. 

44. Similar movemeats may be observed in cases where the 
consciousness and sensation are temporarily obliterated by 
disease, or by means of narcotic poisons. If the arm of a per- 
son who has been rendered insensible by chloroform be raised, 
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and then allowed to fall, it will be noticed that the limb does 
not drop instantly, like a lifeless member, but a certain amount 
of rigidity remains in its muscles, which resists of breaks the 
force of its descent. Again, when a substance like melted 
sealing-wax, or a heated coin, falls upon the hand, tbe limb is 
snatched away at once, even before the feeling of pain has 
been recognized by the brain. When jolted in a rapidly mov- 
ing car, we involuntarily step forward or backward, so as to 
preserve the centre of gravity of tlie body. 

45. These and similar acts are executed by the same mechan- 
ism as that pre\fiously described in the case of paralysis from 
an injury of the spinal cord. The muscles thus called into 
play are those which are ordinarily under the sway of the will, 
but which in these eases act through tbis reflex action of the 
cord, altogether independently of the will. A healthful reflex 
activity produces an elasticity, or " tone," in tbe voluntary mus- 
cular system, which in a great measure explains the eitistence 
in the young and vigorous of a feeling of buoyancy and reserve 
power. Its possessor is restlessly active, and it may appropri- 
ately be said of bim, " he rfejoiceth as a strong man to run a 
race." But this reflex energy may be deficient. This is true 
when the blood is poor and wanting in its solid ingredients, or 
the circulation is feeble; the muscles, then, are flabby and 
weak, and the person himself is said to be " nerveless," or in- 
disposed to exertion. Shivering from cold and trembling from 
fear may, in part, be referred to a temporary loss of tone, 
resulting from a powerful impression upon tlie brain. {Bead 
Note e.) 

0. On Mervous Health, or Tone. — " That Btate ot general vigor, which 
we cftU 'tone.' depends upon the healthy action of the nervous centres. 
It conaiHta in the habitual niiKlerate contractlnn o[ the muscles, due to a 
coustant stimulus exerted on Uiem by the cord, and is valuable less for 
itself than as a sign of a sound nervous balance. Tone is maiutalned 
partly by healthful impressions radiated apon the spinal oord through llie 
nerves frnm all pans of the body, and partly by the stimulus poured 
down upon it from the brain. So it is disturbed by whatever conveys 
Irritating or depressing inHuencen in either direction. A single injuUi- 
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46. An excess of this activity may also be observed i 
disease. In this condition, the excitability of the cord la 
unnaturally aroused, and frequent and violent movements of 
the limbs and body, called coavulsions, are the result. The 
eonvulsions of young children, and the nervous agitation of 
chorea, or St. Vitus's dance, are reflex in character, as are alao 
the symptoms attending poisoning by strychnine, and those 
terrible diseases, tetanus, or "locked jaw," and ki/drophobia. 
The severity of the convulsions is not the same in all cases of 
these disorders ; but, in those last mentioned, the most violent 
spasmodie movements are provoked by the slightest form of 
irritation — such as the sound of pouring wat«r, the sight of 
any glittering object, the glancing of a mirror, the contact 
of cool air, or even the touch of the bed-clothes. 

47. Another variety of reflex motions takes place in certain 
involuntary muscles, and over these the cord exercises supreme 
control.' They are principally those movements which aid the 
performance of digestion and nutrition, the valve-action of the 
pylorus, and other movements of the stomach and intestines. 

cioiu meal, a single sleepless night, a single passion or piece of bad news, 
will destroy IL On the other hand, a vivid hope, a, clieerful resolve, aji 
Sibsortilng inlereat will restore it as if by magic. For in man, these lower 
ofBcers in the nervous hierarchy draw their very breath aeoordiug t" Ihs 
bidding of Uib higher powers. But the dependence of tlie higher on the 
lower is no less direct. The mutaal action takes place in each line. A 
chief condition of keeping the brain healthy is to keep these unconscious 
nervous functions in full vigor, and in natural alterations of activity and 
repose. We see evidence of tbia law in the delightful effect of a cheerful 
walk aft«r a depressed or Irritated state of mind. Every part of the ner- 
vous system makes its influence felt by all the rest. A sort of constitu- 
tional monarchy exists within us ; no povrer in this small state is absolole 
or con escape the checks and limitations which tUe other powers impose. 
Doubtless the Brain is King, but Lords and Commons have their seaM 
below and guard their privilege with jealous zeal. If the ' constllution ' 
of your personal realm Is to be preserved intact, it must be by the efforts 
of each part, lawfully direoled to a common end." — Sinton <m Health 
and its Condition. 
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Itt these movements the iniod shares no part. And it is well 
that this is bo; for, since the mind ia lai'gely occupied with 
affairs external to the body, it acta irregularly, becomes 
fatigued, and needs frequent rest. The spinal cord, on the 
contrary, ia well fitted for the form of work on which depends 
the growth and support of the body, as it acta imiformly, and 
.with a machine-like regularity. 

48. These operations are not accompanied byconaciousnesa; 
for, as a general rule, the attention is only called to them when 
they become disordered. Many a person does not know where 
his stoma^^h is situated until he discovers ita position by reason 
of a feeling of distress within it, produced by giving that 
organ improper work to perform. In this manner the higher 
and nobler faculties of tlie mind are liberated from the simple 
routine dutiea of the body, and we are thus left to direct the 
attention, the reason, and the will to the accomplishment of 
the great enda of onr existence. If it were otherwise, we 
could only find time to attend to our ordinary physical wanta. 

49. The objects of the reflex activity of the cord are three- 
fold. In the first place, it acts as the protector of man in hia 
unconscious moments. It is his unseen guardian, always ready 
to act, never growing weary, and never requiring sleep. Nor 
does its faithful action wholly cease with tlie cessation of life 
in other pai'ta. In tlie second place, it is the regulator of 
numerous involuntary motions that are necessary to the nutri- 
tion of the body. Here its actions are entirely independent 
of the brain, and are performed in a secret and automatic 
manner. And, thirdly, it acts as a substitute, and regulates 
involuntary movements in the muscles usually under the influ- 
ence of the will. It thus ti^ea the place of the higher facul- 
ties in performing habitual acts, and permits them to extend 
their operations more and more beyond the body and ita 
material wants. 

50. The Functions of the Medulla OblonKats. — The prolonga- 
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85. Sleep Produced by ITaicotiCB. — Opium and the opiatAB 

have the power of (jiiiptiiig the activity of the hrain, aad of 
compelliug sleep. This may he a blessed action if skilfully 
applied by the physician, but not so applied it is the source of 
infinite peril. The sleep so caused difEers from natural, restful 
slumber, especially in the fact that the after-effects are com- 
monly depressing and disturbing to the brain to the extent of 
being harder to bear than the wakefulness on account of which 
the drugs are taken. Very young persons are especially 
subject to injury by sleep-producing medicines; and many 
are the deaths that have been caused among infants by the 
giving of " soothing syrapa," " cordials," and " anodynes," 
that are so freely sold for the purpose of compelling sleep, 

16. Results of the Use of Narcotics. — The use of any of 
these narcotics, without pmper medical advice, is their abuse, 
'In this way they become powerful for harm. They are no 
longer remedies, but poisons. Self-prescribed, they have a 
thousand times been the instrument of unintentional suicida 

87. The craving for narcotics is found in many nervous people, 
ir in those whose general health is not good. They experience 
such a great relief from the use of narcotics, in simple ner- 
vousness, in pain, or in insomnia, that they naturally wish to 
repeat these pleasant experiences. This desire soon develops 
into a craving like as that of the drunkard for his alcohol. 
_Such a person should place himself under the care of a phy- 



}8. Effects of Heredity. — There seems to exist in a number 
of people a natural desire for alcohol, or for any one of the 
drugs and narcotics enumerated above. Upon inquiry, it will 
often he found that their parents or grandparents had similar 
tastes, and we therefore speak of them as having hereditary 
taatea or desires. Persons who discover in themselves this 
I hereditary liking for either alcohol or drugs should never use 
I either of them, for fear of becoming addicted to their use. 
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TOPICAL OUTLINE 

f Iiiuer, delitfttB, vaacnlar. 
er. . i Closolj iuvi<9ti!i tbe brain- 

[ Follows all the couvolutiooB. 
A serous membrane. 

I Tough, flbrouB. 
Outer surface rough, aud in contact with the 
skuU. 
Inner surface smooth. 
IKght and left hemigpheiti. 
Surfaue convoluted. 
Fills all upper portion of cranium, 
Uray matter outside. 
(Right and left heminpherea. 
Surface drawn into folds. 
FilU uceipital portion of cranium. 
Gmy matter outside. 
I Coiiuects the brain with the cord. 
' 1 Gray matter inside. 

{Chief Beat of seosatlon. 
The organ of tbe will and voluntary motion. 
The seat of the intalliguuiMi. 
J The seat of muscular sense. 



[ Cellular . . 
. I FibiQUB , . 

I Fresh . . . 
. I After death . 



1 A conducting medium between tl 
L the cord. 



f ConBiBts of j 



I Brain and its nervea. 

) Bpiual uord and ita uorveB. 

[Double chain of ganglia, on 
each side oE the vertebral 



f Coualsts of { 



colun 



J ( Various disconnectwl ganglia. 

I I The internal o^^ans. 

L Fibres distributed to I The walls of blood- 
[ vessels. 

Grayish — in ii 



I Nerve tibroa — forms nei-ves. and enters into 
f the structure of nerve eentrea. 

A simple semltransparent filament. 
1 A tnbe, containing a white opaque Bub- 

i Convey inipresBlons to a centre only. 
' Also calleil nensury nerves. 

! Convey impreasions from a cpulre only. 
Fibres terminate lit rauwivAw W«i» 
AIbo called motor uenea. 
Contain boili uff'^rent oai efieTeiAWoT**- 
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In the spinal canal formed by the Tertebral 

CDlumD. 

About eighteen inuhtis, 

Extends from the medulla oUlotigata to the fiist 

lombai vertebru. 
About one-third of an inch. 
Pia mater — delicate, vaacular. 
Arachnoid — eeroiiB, forming a. loose bl 
Dura mater — tough, fibroua. 
(A layer of fatty tissue Ijbb between the dm 

rnater and Che Ixiuy caual.) 
Gray mailer internaL 
White matter externa). 
Anterior fissure. 

Foitertor Jisture — deeper and nariover. 
Central canal — microstoplc. 
Thirty-one pairs — between the vertebre. 
Crowded at the lower extremity of the cord — 

cuuila equina. 
Each trunk formed by tlie union uf two roolt. 

Hoola I „ , , 

I PoBterior — senaory. 
f Conduction of ImprenslouB, 

's for reflex action (^ray matter). 
1 Sengoryfibres — cross us they enter the cord. 
I, J/ofor jiftreB^cross in the medulla oblongat*. I 
A disturbed condition uf aenaory fibres — 
Conducted to a nerve centre — 
Kedeoted by the nerve (.-entre ulong motor fibres t 

tenninationa in muaclus — 
Muscular c< 



Ponctloiii \ 



QUESTIONS FOR TOPICAL REVIEW 

\ 

. State fully what is meant by the term vegetative function 

I. To what doeH man owe his position as tlie heiul of the animal creation ! 
I. What can yon stale on the subjoc^t of special organs for separate 

(unctions ? 219 

■. Describe, as fully asyon can, the atmutureof the nerTQUssystem. 218,213 

i. Describe the brain, its location, size, shape, and strocture 219-222 

I Describe the brain proper, or cerebrum 222, 223 

'. Describe the little brain, or cerebellum 224, 22S 

\. Describe the spinal cord 227,228 

I. What are the spinal nerves, and huware they arranged 7 2ZA 

I. What is Che (character and substance of their tissnes ? 228, 330 

. State and illustrate how the nerve-fibres perlorm their office 22D, 230 

I. Describe tlie sympathetic system of nerves 23D, S31 

I. State the properties o( nervous tissue, and illnstrate 23I-2Sa 

1. Explain the funutlona of the nerves 333 

I. What Is meant by transient paralysis of a nerve? Illastrate. .. . 234,235 
What can you state o! the rate of iiiesstLUc-iuutiuu along a nerve 7. . 23S 
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What are Oie [unultuna uF the splniU cord ? 236 

State what ;nu uui ai the Incm o( paralysis knowu aa paraplegta. . 2S& 
What experiments, with results, upou the sphial cord are noted?. 336, 39T 

Give the direcHoii o( Shres of cord 237, 238 

Huwdues the leftside uf brain feal paiu In right hand? 2SS 

What ia understood by the reflesactionot the cord? 33B 

What exparimenta are luentiuaed to prove this power of the cord ? 33S-S40 

What are the ases ot the reflex arCioa of the cord 1 310-343 

What Is the medulla oblout;ata aud ita fuuctlon? 343, 344 

What can you state of the (unctions ot the cranial ganglia? 245 

What are the functions of the cerebellum? v S4G 

Wliat is the fuuution uf thecerebrnm? 249 

In what way does the slxe of the brain generally indicate the 

character ? 246 

What (acts show tliat the gray substance of the brain ia insensi- 
tive? 34fi,247 

Upon what does the facnlty <>[ language seem tu depend ? 348 

Of what importance la the reflex action ot the brain? 349 

In what ways is tliia Importance iniide mauKuat? 250 

Qive tlie effects ot alcohol upon Uie brain 251 

How dues It affect the mind f 263 

What is said o£ the effect upon the will ? 253 

Howls tliB whole aystom affected? :--. 264,256 

What Is said of tobacco? 255-257 

Deflue and illastrate the term narcotic 257 

Give the statement regarding opium 257 

State what yon can ot chloral 368 

What Is hasheesh and its effect ? 269 

What is said ot chloroform ? 369 

Give general results of use of naicotics 300 



CHAPTER X 
THE SPECIAI. SEnSES 



The Froductioit of Senaalioia — Varittn uf Sensations — General Senst- ' 
bUUy — Fain and its Function — Special Sensation, Touch, TitMe, 
Smell, Sight, and HeaTing — The Sand, the Organ of Toueh—The 
Sense of Touch — Delieacg of Touch ^~ Sensation of Temperature and 
Weight^ The Tongue, the Organ of Taste— The Nertei of Taste — 
The Sense of Taste and its Belations teitk the other Senses— T^e 
Influence of Education on the Taste — The Nasal Cavities, or the 
Organs of Smell,— The Olfaetorg Nerve — The Uses of tlie Sense of 
Smell — The Sense of Sight — Light — The Optio Nerve — The Eye- 
hall and its Coverings — The Funetion of the Iris — The Sclerotic, 
Choroid, and Metiiia — The Tears and their Fitnclion — The Move- 
ments of the Egeball — Tlie Function of Accommodation — The Sense 
of Hearing and Sound— The^ Ear, or the Organ of Hearing — The 
External, Middle, and Internal Ear 

1. Production of Sensations. — We have already seen that the 
true centre of sensation ia some organ within the skull, proba^ 
bly among the gray masses at the base of the braiu ; but the 
mind never perceives impressions at that poijit ; on the con- 
trary, it always refers them to the external organs of sensa- 

I tion. Hence, it is convenient to say that those outer parts 
possess the property of sensibility. For instance, we say that 
wo hear mth the ear, taste with the tongue, and feel with the 
fingers. That this is not the exact truth is proved by the fact 
that, whenever the nerve connecting one of tliese organs with 
the brain ia severed, it at once loses its capacity for sensation, 

2. Consciousness, another faculty of the brain, is necessary 
to complete a sensation, During sleep, and in other uncon- 

]. TTOOcentrBnfMnBotlnnf Flnoe of Ui« mlnd'a ImpreMlonpi f ' 
touyr What Ibrthet Is auted ? 
a. CooKleaaBBsa J During sleep 1 Xa protunnl iHBeutMUj 1 
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BCious states, the usual impressions are preseuted to the ear, 
the nose, and the skin; but they faQ to excite sensations, 
because the nerve-centres are ina(itive. In profound insensi- 
bility, from chloroform or ether, a limb may be removed with- 
out occasioning the least feeling. 

3. Variety of Sensations. — All animals have some degree of 
sensibility. It is, of course, feeble and indistinct in the lower 
forma of life, but increases in power and variety as we ascend 
the scale. In the earth-worm, the nervous system is very 
simple, the sensibiliJy being moderate and alike in all parts; 
hence, if its body be cut into two pieces, each piece will have 
the same degree of feeling as before. As we approach man, 
however, the sensations multiply and become more acute; the 
organs are more complex, and special parts are endowed with 
special gifts. These special organs cannot be separated from 
the rest of the botly without the loss of the functions they are 
designed to exercise. 

4. The lowest form of sensation — that of simple contact — 
is possessed by the lowest of the animal creation. The highest 
forms are those by which we atn enabled to know tlie proper- 
ties of external objects, such as shape, size, sound, and color, 
A variety of means of communicating with the outer world is 
the necessary possession of a high intelligence. Sensations are 
modified by use. They become more acute and powerful by 
moderate exercise, or they are tlulled by undue excitement. 
The former is shown by the acute hearing of the Indian, by the 
sharp sight of the sailor, and by the delicate touch of the 
blind. The latter is exemplified by the impaired hearing of 
the boiler-maker, and the depraved taste of him who uses 
pungent condiments with his food. Again, impressions habitu- 
ally presented may not be consciously felt, as is the caae with 
the rumbling of carriages in a neighboring street, or the regular 
ticlting of a clock. All sensations become less vivid with the 
advance of age, especially hearing and vision. 
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^V 5. General Sensibility. — There is a property poBsesBec 
^1 nearly all parts of the human body which we call general 
^1 sensibility. We have recently seen that the brain is whoUy 
^H inaeositive, and may be cut or pinched without pain. The 
^1 same is true of the nails, hair, the scarf-skin or external cover- 
^H ing of the body, and a few other structures. Id these parts no 
^1 nerves are found. On the other hand, the sensibility of the 
^K true skin, and of mucous membranes, as of the eye and nose, is 
^B exquisite, these organs having a large supply of sensory nerve- 
^1 fibres. The bones and tendons have less of these fibres, and 
^1 ore only moderately sensitive. 

^P 6. The sensibility of any part of the body, then, depends 
upon the number of nerves present; and, as a rule, the nervous 
supply is proportional to the importance of the part, and to its 
liability to injury. Wlien, therefore, a surgical operation is 
performed, the most painful part of it is the incision through 
the skin — the muscles, cartilage, and bone being comparatively 
without sensation. Hence, if we could benumb the surface, 
certain of the lesser operations might be undergone without 
great inconvenience. This is, in fact, very successfully accom- 
plished by means of the cold produced by throwing a spray of 
ether, or of some other rapidly evaporating liquid upon the 
part to be cut, 

7. Tickling is a modification of general sensibility. At first 
it excites a pleasurable sensation, but this soon passes into 
pain. It is only present in those parts where the sense ,of 
touch is feeble. But all impressions are not received from 
without; there are, also, certain intennal sensations, as they are 
called, which depend upon the condition of the internal organs, 
BTich as appetite, hunger, thirst, dizziness when looking down 
from some lofty position, drowsiness, fatigue, and other feel- 
ings of comfort or discomfort. General sensibility, whether of 
the internal or external organs of the body, chiefly depends 
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ten the Bsnaory fibres of the spinal nerve. The face, how- 
ever, is supplied by the sensory cranial nerves. The sympa- 
thetic system has a low grade of feeling in health, but disease 
in the parts served hy it arouses an intense degree of pain. 

8. The Sensation of Pain — ^liat then is pain? Is It iden- 
tical with ordimrj sensihilitj ' There seems to be some 
necessary connection between the two feelings, for they take 
place through the bame channels, and they are alike intense in 
the same situations But sensibility habitually contributes to 
our sources of pleasure — the very opposite of pain; hence, 
these feelings cannot be identical, 

9. Pain must, therefore, "be a modification of the general 
sensibility which follows an excessive degree of excitement of 
the nerves, there being a natural limit to the amount of stimu- 
lation which they will sustain. So long as this limit is observed, 
the part excited may be said to be simply sensitive ; but when 
it is exceeded, the impression becomes painful. This difEerenee 
between sensibility and pain is well shown by the effects of 
sunlight upon the eye. The indirect illumination of the sun 
arouses only the former feeling, and is indispensable to our 
comfort and existence, while the direct ray received into the 
eye occasions great pain. 

10. The Uses of Pain. — The dread of pain is a valuable 
monitor to the body. It puts us on our guard in the presence 
of danger, teaches moderation in the use of our powers, indi- 
cates the approach of disease, and calls attention to it when 
present. The word disease, in fa«t, according to its original 
use, had reference simply to the pain, or want of ease, which 
commonly attends disordered health. When we observe the 
serious mishaps which occur when sensibility and pain are 
absent, we cannot fail to appreciate its value. For example, a 
paralytic, in taking a foot-batb, forgets to test its temperature, 
and puttinghis limbs into water while it is too hot, is severely 
scalded without knowing it. 
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11. A traveler, overcome by cold and fatigue, lies down and 
falls asleep near a large fire, and when he is aroused in the 
morning, ib is discovered that one of his feet has been insen- 
eihly destroyed. A grain of sand, lodging in an insensitive 
eye, may canse inflammation, and even the loss of sight. If 
intense light were not painful to the eye, many a ehUd wonld 
innocently gaze upon the glories of the aun^to the ruin of his 
sight, 

18. Pain is, indeed, a present evil, but its relations 'with the 
future prove its mission merciful. Painful impressions cannot 
be recollected from past experience, and they cannot he called 
into existence by the fancy. Considered in the light of results, 
pain has a use above that of pleasure ; for, while the immod- 
erate pursuit of the latter leatls to harm, the tendency of pain 
is to restrict the hurtful courses of life, and in this manner to 
protect the body. 

13. The relations of pain to pleasure are thus described by 
the einiueut physiologist, Magendie: — "By these sensations 
Nature induces us to concur in the order which she lias estab- 
lished among organized beings. Though it may appear like 
sophistry to say that pain is the shadow of pleasure, yet it is 
certain that those who have exhausted the ordinary sources of 
pleasure have recourse to the causes of pain, and gratify them- 
B by their effects, I>o we not see in all large cities, that 
men who are debauched and depraved find agreeable sensations 
where others experience only intolerable jiaiu ? " {Bead Note 1.) 

1. pain Is "Mature'a Harbinger of Mischief."^" It muat, there- 
fore, be evident that pain is. under certain ctrcumBtances, reallj beneficial. 
It is often a great boon to have a sensiUvB Biomncli ; tor thoBe who Buffer 
pain after food are leas apt habitually to err in diet, and thiiB to become 
dyspeptic or gouty, than those whose organs receive everytliing nncom- 
plahiiiigly. Paia in the stoiuiicU ia frequently due (in well-tf>-do people) 
to the fact that they won't work and will eat ; not that the atomach itself 
Is weak (as they tliink), but that the supply of food being greater than 
the demand, the system becomes overstocked. In dyspepsia the < 
very often far away, and the stomach is no more the cause of the 
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14. Aa to painful sensation among the inferior animals, the 
plan of Nature socnis to be, that the higher the intelligeuee of 
the creature, aud the more com5>lete its power of defence, the 
more acute is its sensibility. We infer, therefore, that animals 
low in the scale of existence, and helpless, are not very liable 
to suffer pain. 

15. Special Senution. — The sensations of simple contact 
and pain are felt by nearly all parts of the system, whether 
external or internal, and are the necessary consequence of the 
general sensibility; but, so far as the objects which surround 
ua are concerned, these impressions are vague and passive in 
character, and inform the mind of none of the pi-operties or 
powers of these objects. Besides tliese feelings, therefore, 
man is endowed with certain special sensations, which are 
positive and distinct in charat'ter, and which he can call into 
exercise at will, and employ in the pursuit of knowledge. For 
reasons relating to the original constitution of the body, these 
sensations are to be regarded as uiodificationa of the general 
sensibility already alluded to, constructed with special refer- 
ence to the different forces of Nature of which we have any 
knowledge, such as heat, motion, gravity, sunlight, and the 
like, (fiturf JVo(e2.) 

than the big toe is of tUe gout ; but if the Btomacb gave no signa of per- 
tuibatioa, the evU would be alli^ed loDger ta esist unnoticed. We should 
alwAys give early attention to pain, and discover its causes before thuy 
become too complex to be nnraveled, and before the derangement which 
Its presence indicates becomes pencanent. Tlie following incident well 
illuetratea the estent to wblcb pain may be dependent on. fancy: 'A 
butcher was brought Into the druggist's from the market-place opposite, 
laboring under a terrible accident. 'Fbe man, on trying to hook up a 
heavy piece of meat above hiB head, slipped, and the sharp hook pene- 
trated ills arm w.) that he himself was suBpended. On heiiig examined, 
he was pale, almost puleeless, and expressed himself aa suffering acute 
agony. The arm could not be moved witbout causing excessive pain, and 
In cutting oS the aleeve be frequently cried out ; yet, when the arm was 
exposed, it waa found ifaite unlnjuriHi, the hook having only traversed 
the sleeve of the coat ! ' The sensation here waa perfectly real, but 
originated In a change of tlie hraio and nervcK, instuad of in the external 
Benges." — Noles on Fain. 
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16. These distinct and active facidties are termed the 
special senses, and are five in number, viz., Touch, Taste, 
Smell, Sight, and Hearing. For the exercise of these senses, 
special oi^^ans are furnished, such as the hand, the tongue, the 
nose, the eye, and the ear. The manner in which the nerves 

I. The Mutual Selations of tbe Special Senses. — "A blind man, 
attempting to express bis notion of scarlet, said it resembled tiie sound of 
a trumpet. We are constantly reminded of tbe impreHsions of one sense 
by the operatione of another. To my ear the ba^ note in music )s what 
a dull black is to the eye. Tbe reverberationa of deep thunder aeem like 
boulders witb worn angles — with profilea blunt and irregular, as if drawn 
by tbe jerking pencil of tbe lightning ; and one wlio never had the pleas- 
ure of seeing stars from a blow on tlie bead may get a tolerably correct 
idea of that kind of galaxy by snuMng at a bottle of volatile salts. 

" Language is full of efinrt to report the irapressiona of one aenae by 
tbe symbols of another. We say that an apple is sweet, that a rose Is 
sweet, a face is sweet, a strain of mamc is sweet, and love is sweet, not 
to mention the saccharine reaction of the'usea of adversity.' Here 
taste, smell, sight, hearing, and a social HeuLiraent use tlie same word for 
. that pleasurable sensation experienced by the mind through each distinc- 
tive organ. We assist the organ of one sense by thai of another. We 
open the lips and part the teeth a little when we are eager to hear ; we 
listen and turn the eyes' attention inward wheu we would detect a deli- 
cate t&ate, or remember a faded impression. 

" But this mutual accommodation of tbe senses is not so marvelouB as 
It may seem, when we rememlier that tbe whole five, six, or seven, as you 
please, are but one power of nervous perception, specialized into a variety 
of functions, difFereutiated, as tbe learned say, that we may have more 
perfect worlt iiy a division of labor. Th#same necessity which developed 
nerve-contact into sight on tbe one band and hearing on the other might 
also express through one of these the sensations proper to the otiier, when 
the other was wanting. Seal up tbe eyes of a bat, say the naturalists, 
and let it loose in a room crossed with wires in evtry direction, and be 
will fly clear of them all, as if be had other means of perception as 
sensitive as the optic nerve. 

"Laura Bridgman, with neither sight, hearing, nor smell, could detect 
the presence of a stranger in the room, without contact. Her mind then 
must have aa distinct an image of every person as wo have, yet not one 
of what we call oar senses could go to the making i:p of that image. It 
could not be form as we know it. nor a voice, nor an odor, but it was _ 

t itself other than ail, eiciting emotions of love, or bale, gratitude «r^^J 
repugnance, and the thought it excited must have had shape, thoogti I[^^^| 
is not easy to imagine how." — The Schoolmaster. ^^^^M 
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of ajwcial sense terminate varies n the case of each organ, m 
that each is adapted to one se'. of Bensattons alone, and is 
incapable of perceiving any oLht r. Thus the nerve of hearing 
is excited by the waves of 30u.»d, and not by thoae of light, 
while the reverse ia true of the nerve of sight ; and the nerve 
of smell can appreciate neither of them, being capable only 
at taking cognizance of the odorous properties of bodies. 

17, By some writers six senses are accorded to man, the 
additional one being either the sense of temjierature — for, as 
we shall presently see, this ia not the same as touch — or, 
according to others, the muscular sense by which we avc 
enabled to estimate the weights of bodies. The latter also 
differs in some respects from the sense of touch. 

18. Organs of Touch, — The sense of touch is possessed by 
nearly all portions of the general surface of the body, bat it 
finds its highest development ia the hands. The human hand 
ia properly regarded as the model organ of touch. The minut* 
structure of the skin tits it admirably for this form of sensar 
tion; the cuticle, or scarf-skin, is line and flexible, while the 
cutis, or true-skin, contains multitudes of nerve-filaments, 
arranged in rowa of papillce or coue-Uke projections, about one 
one-hundiedth of an inch in length- It is estimated that there 
are 20,000 of these papillse in a square-inch of the palmar sur- 
face of the hand. Kow, although the nerves of the cutis are 
the inatruments by which impressions are received and trans- 
mitted to the brain, yet the cuticle is essential to the sensation 
of touch. This is shown by tJie fact that whenever the true- 
skin is laid bare, as by a burn or blister, the only feeling that 
it experiences from contact is one of pain, not that of touch. 

S. TariatioD in Structure in the ITerves of Special Sense. — " While 
In the more intellectual aenses — Sight, Hearing, aud Touch — the nervea 
bare their protecting and Isolating aheaths corresponding with the dig- 
tinctness luid separateness of the parp of the impreHslon, in Smell the 
nerves are a, plexus of unahealhed flbrjs, corresponding with the fusion of 
the odorous impression into one wholeWithout distinction of parts. "_— 

Merbtrt Spencer. 

II. Wlnl 1« Mid In rolsUon in odb nioro Uiin \.li6 ftia ««.«a*l 
^^_ 18. TieBeoMof loneh, how iiramtomT W^V \i wiii rf ttie \i«>i^ _ 
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19. The office of the cuticle is thus made evident; it is to" 
shield the nerve-filament a from direct contaet with external ob- 
jects. At the tips of the fingers, where touch in most delicate, 
the skin rests upon a cushion of elastic material, and receives 
fii'mness'and permanence of shape by means of the nail placed 
upon the less sensitive side. Besides these favorable condi- 
tions, the form of the arm ia such, and its motions are so easy 
and varied, that we are able to apply the test of touch in a great 
number of directions. The slender, tapering fingers, with their 
pliant joints, together with the strong oppoaiug thumb, enable 
the hand to grasp a great variety of objeeta; so that, great as 
are the delicacy and grace of the hand, it is not wanting in the 
elements of power. 

20. Its beauty and adaptation to the wants of man have made 
the hand an attractive theme for philosophers. They do not, 
however, always agree in their conclusions. One has the opin- 
ion that man has acquired his intelligence and achieved his 
pla«e as " lord of creation," because he has this organ. Buffon, 
in effect, declares that with fingers twice as numerous, and twice 
as long, we would become proportionally wiser; but Galen long 
ago took a more reasonable view, when he taught that " man 
is the wisest of animals, not because he possesses the hand, but 
because he is the wisest, and understands its use; for his mind, 
not Ms hand, has taught him the arts." Another has well said, 
that " no one can study carefully the human hand and fail to be 
convinced of the existence of the Deity." 

21. The Sense of Touch. — Touch is the simplest of the sensea. 

It is that which the child first calls into exercise in solving thp 
early problems of existence, and it is that which is in the most 
constant use throughout life. We are brought by the touch 
into the moat intimate relations with external objects, and by 
it we learn the greater number, if not the most important, of the 
properties of these objects, such as size, fignre, solidity, motion, 
and smoothness or roughness of surface. 

18. OffiuorthecaQFli.r Ttpi of Iho flnn 
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88. The sense of touch asaistB the other senses, especially 
that of sight, giving foundation anil reality to their perceptions. 
Witliout it, the impressions receivoil hy the eye wcruld be as 
vague and unreal as the tigiurea that float through our dreams. 
A boy who had been blind from birth, at the age of twelve 
years received sight by means of a surgical operation ; at first, 
he was unable to distinguish between a globe and a circular 
card of the same color before he had touched them. After 
that, he at once recognized the difference iii their form. He 
knew -the peculiarities of a dog and a cat by feeling, but not 
by sight, until one day, happening to take up the cat, he recog- 
nized the connection of the two sorts of impressions -- thrae of 
touch and sight; and then, putting the cat down, 'i? suj' : 
"So, PusSj I shall know you next time." 

83. Of all the senses, touch la considered the least liable to 
error; yet, if that part of the skin by which the sense is 
exercised is removed from its customary position, a false 
impression may be created in the mind. This is well illus- 
trated by an experiment, which dates from the time of Aris- 




totle. K we cross the middle finger behind the forefinger, 
and then roll a marble or some small object upon the tips of 
the fingers (see Fig. 61), the impression will be that two mar- 
blee are felt. If the fingers, thus transposed, be applied to 
the end of the tongue, two tongues will be felt. When the 
noee is accidentally destroyed, the surgeon sometimes performs 



2T4 THE SPECIAL SENSES 

an operation for the purpose of forming a new one, by trans- 
planting a partially removed piece of the skin of the forehead 
upon the injured part; then, if the new nose be touched or 
pinched, the feeling is referred to the forehead. This fact 
illustrates one important truth — that the, nerves will re-unite 
after they have been cut and feeling will be restored; if it 
were otherwise, a succession of slight cuts upon the fingers 
would seriously impair their tactile sensibility. 

24. The Delicacy oi Touch. — Although the hand is the 
proper organ of this sense, yet it is exercised by various parts 
of the body, their degree of sensibility being proportional to 
the number of papilla they contain. The varying degrees of 
tactile delicacy of the different parts of the surface have been 
measured in an ingenious manner, by means of a pair of com- 
passes, tipped with small pieces of cork. The two jiointa of 
the compasses are touched at the same moment to the skin, the 
eyes being closed, and it is found that, in sensitive parts, the 
distance between the points may be quite slight, and yet each 
be plainly felt; while, in less sensitive parts, the points of the 
compasses are felt aS a siugle point, although they are sepa- 
rated one or two inches, 

26. At the tips of the fingers, the distance between the 
points being one-twentieth of an inch, a double impression Is 
felt The distance must be twice as great for the palm, four 
times as great for the lips, and, on the forehead, it must be 
twenty times greater. At the middle of the back, where the 
touch is least acute, the points must be separated more than 
two inches before they can be separately felt. Therefore, the 
sense of touch in the fingers is said to be fifty times more 
delicate than upon the posterior surface of the body. 

26. Exquisite delicacy of touch is attained by practice. 
This is shown in many of the lighter and more graceful 
employments of daily life. Without it, tlie skill of the 
painter, sculptor, and musician would be rude indeed. By 
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ling, also, the physician acquires the tactits eniditus, op 
discriminating toneh ; but among the bJind, delicacy of touch 
is most remaj'kable, and it there finds its highest value ; for 
its possession, in a measure, compensates for the loss of sight 
by enabling them to read, by means of raised letters, to work 
with certain tools, aud even to play upon musical instvumenta. 
A person bom without sight, and without bearing or voice, 
may, by the education of the touch, be rescued from apparent 
imbecility, and be taught not only to read and write, but even 
to perform household and other useful labors. 

27. Sensations of Temperature and Weight. — Each o£ these 
aeuaationa has been described by the physiologists as a special 
sense, and they are rival candidates, so to speak, for the posi- 
tion and title of the sixth sense. In the sensation of temper- 
ature, ori the thermal sense, touch bears a part, but the two 
feelings appear to be distinct. In proof of this, we observe, 
firstly, that they ai'e not alike intense in the same situations j 
as, for example, the skin of the face and elbow, where the 
sense of touch is feeble, is very sensitive to impressions of 
heat and cold. Secondly, the ability to recognize temperature 
may be lost by paralysis, while the sensibility of touch remains 
unafEected. When the skin comes in contact with a very hot 
substance, the sensation felt is that of pain — not of touch. 
In like manner, a very cold substance causes pain, not the 
feeling of cold. So that a red-hot iron, and solid carbonic acid 
(the temperature of which is 108° below zero), feel alike; and 
each, if pressed slightly, will produce a blister, (_Bead Note 4.) 

4. Qoalitiea Determined hj the Sense of Touch. — "The e^e, bj 
the aid of certain signs, ia often able to tell wbetlier u body U hot — 
when, for instance, it is glowing or steaming — but a perception of 
warmtli Is not possessed by the eye. This la had by the skin alone, 
&nd it Is of great importance to our preservation that this property ia 
Bpivad over the entire surface ; for it surrounds the body, like a pro- 
tecUng wall against its worst enemy — cold — which, if not thus guarded 
■gainst at all points, would speedily destroy life. We are warned, how- 
ever, of the approach of the enemy by a common sensation oC the 
skin, and an inward chill, whith is only caused by a coolness of the 
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, The muscular sense, by suine considered dUtiiiob i 
touch, gives rise tu tlie aeiiBations uf weight, and other forma 
of external resistance. That this feeling exists, is shown by 
the following simple exjierimeut : if the hand be jilaced flat 
upon a table, and a somewhat heavy weight be put into it, 
touch aloae is exercised, and a feeling of pressure results; but 
if the hand be raised, a certain amount of muscular effort must 
be put forth, and thus the sensation of weight is recognized. 
Through the muscular sense, pi-ecision of effort ia rendered pos- 
sible; for by it we learn to adjust the force exerteil to the 
weight of the object to be lifted, inoved, or carried. Without 
it all our movements would net;easarily becOme ill-regulated 
and spasmodic. In cases of disease, where the sensibility of 
the lower limbs is lost while power of motion remains, tlie 
patient ia able to stand erect so long as he cau see his limbs ; 
but just as soou as his eyes ai'e closed, he begins to waver, and 
will fall unless suppnrteiL 

29. The Organ of Taste. —The tonrjufi ia the special organ 
of the sense of taste ; but the back part of the mouth always 
possesses this faculty. The tongue is a muscular organ, the 

akin. The slEln, in like manner, protects the body agaEnst the approiuUi 
of a hurtiiil degree ol heat. Thus, you Bee, the skin has certain gu(l/^- 
ties of sensatiuQ. Just as the eye, in toukiug at a wafer, pecuelves 
that it is both red and circular, distinguishing both tlie color and form 
of bodies, so the sensitive akin by contact with an object dlatiuguiabeis 
the qualities of form, flrmnesg, hardness, liquidity, pressure, and tempxnv- 
ture. • • » Weber has discovered the interesting fact that warm 
bodies feel lighter than cold ones : if a cold coin be placed upon tlie 
forehead of some person, -whose eyes are shut, and then upon the same 
apot two warm coirs, the weight would seeiB to him the game, whilst 
he could distinguish correctly in the case of cold weights. • ■ • If 
we place the elbow in hot water, we experience heat only in the part 
immersed,, not in the whole ann. although the nerve just under the skin 
runs throughout the arm and hand. What we feel is a. dull sense of 
pain in the whole arm if the water ia too hot. -So, too, if the elbow 
Is placed in ice-water the pain is just the same in the unn : proving 
that the nerve trunk can fee! neither warmth nor Q'Ad." — BernuteWa 
Five Sen»e» of Man. 

IS. The maicahr senssl Slate wbiil 1> uUl to 
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fficlea composing it being so numerous and interwoven aa to 
give it the freedom and variety of motion which it possesses. 
It can curve itself upward or downwiird ; it can extend or con- 
tract itself; and, with its point, can sweep the cavity of the 
month, in all directions, in the search for scattered particles of 

30. The upper surface of the tongue is peculiar, being 
marked by the presence of innumerable jKipiltte, some of which 
arc of microscopic size, resembling those that abound in the 
fingers, and in other parts of the body that have the sense o£ 
touch. Others are much larger, and give to the tongue its 
roughness of feeling and appearance. Through the medium 
of these papillae, the tongiie receives impressions of touch and 
temperature, as well as tjisto : indeed, its extremity is fully as 
delicate, in respect to tactile sensations, as the tips of the fin- 
gers themselves. It can recognize the two points of the com- 
passes when separated not more than one twenty-fourth of an 
inch; the back of it is much less sensitive to touch, while at 
the same time it is more highly sensitive to impression of 
taste. 

31. Each lateral half of the tongue resembles the other in 
structure, and each receives the same number of nerves — 
three. One of these regulates motion, the other two are nerves 
of special sense. One of the latter supplies the front half 
of the tongue, and is called the ijiuiliiAory nerve. This is a 
branch of the great cranial nerve, called the " fifth pair," which 
ramifies in all parts of the face. The back of the tongue is 
endowed with the power of taste, through a nerve known as 
the gioaso-pharyngeal, because it ia distributed both to the 
tongue and throat. This difference in the nervous supply of 
the toi)g\ie becomes significant, when we learn, as we shall 
presently, that each part of it perceives a different class of 
flavors. 

32. The Sense of Taste. — Tast« is the special sense by means 
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I of which we discover the savors, or flavoring properties o 
BubstanceB which come ia contact with the tongue. Mere coo-.f 
tact with the sui'face of the tongue, however, is not aufficienij^ 
but contact with the extremities of the nervea of taste with 

' the papillEB is required. In order that the substance to 1 
tasted may penetrate the cells covering the nerves, it mat 
either be liquid in form, or readily soluble in the watery seore-"" 
tion of the mouth — the saliva. The tongue must be moist 
also. If the substance be insolnble — as glass or sand — or 
the tongue dry, the sense of taste is not awakened. In sick- 
ness, when the tongue is heavily coated, the taste is very defec- 
tive, or, as ia frequently said, " nothing tastos aright." 

33. All portions of the tongue are not alike endowed with 
the sense of taste, that function being limited to the posterior 
third, and to the margin and tip of this organ. The soft pal- 
ate, also, possesses the sense of taste ; hence, an article that 
has an ^reeable flavor may very properly be spoken of as pal- 
atable, as ia often done. All pai'ts of the tongue do not per- 
ceive equally well the same flavors. Thus, the fi'bnt extremity 
and margin, which is the portion supplied by the " fifth pair " 
of nerves, perceives more acutely sweet and sour tastes ; but 
the base of the tongue, supplied by the yloasopJiaryngeal nerve, 
is especially sensitive to salt and bitter substances. The nerve 
of the front part of the tongue, as before stated, is in active 
sympathy with those of the face, while the relations of the 
other nerve are chiefly with the throat and stomach ; so that 
when an intensely sour taste is perceived, the countenance ia 
involuntarily distorted, and is said to wear an acid expression. 
On the other hand, a very bitter taste affects certain internal 
organs, and occasions a sensation of nausea, or sickness of the 
stomach. (_Sead Note 6.) 

B. Flavors and Sende of' Taste. — "The cbubb and intimate nature 
o£ lasteg are no bKttsr unilerstood than those of odors, FInrarB elude 
aoalysi.'t and ilefy cln.s«iJlc4itiun, even that which divides them into agrfe~ 
able and digagreenhle, Uir the taste nf individuals B,nd of nations singu- 
larly differs in ttiis ms|>ect. The Laplander and the Esquimau drink 
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34. Relations of Taste witta other Senses. — Taste is not a 
simple sense. Certain other sensations, as those ot touch, tem- 
peratnre, smell, anil pain, are blended and confused with it; 
and certain so-called tastes are really sensations of another 
kind. Thus an astringent taste, like that of alum, is more 
properly an astringent feeling, and results from au impression 
made npon the nerves of tonch that ramify in the tongue. In 
like manner, the qualities known as smooth, oily, watery, and 
mealy tastes, are dependent upon these same nerves of touch. 
A burning or pungent taste is a sensation of pain, having its 
seat in the tongue and throat. A coollug taste, like that of 
mint, pertains to that moditicatloa o£ touch called the sense of 
temperature. 

35. Taste is largely dependent upon the sense of smell. A 
considerable number of substances, like vanilla, coffee, and gar- 
lic, which appear to possess a strong and distinct flavor, have 
in reality a powerful odor, but only a feeble taste. When the 
sense of smell is interfered with by holding the nose, it becomes 
difficult to distinguish between substances of this class. The 

great qnantltEes of train-oil, wbicb far them Is a greatly-esteemed 
article of food, and ia moat admirably adapted to the exigenciea of a 
Polar climate ; the Abysainiana eat raw Seah, and find Its Savor 
excellent, while the (ohabitant of the West part.il(es of It with the 
greateat repiiKnance and only as a. medicine. Oysters, which are so 
generally esteemed in our country, are to some persons diHagreeable 
and nauaeoua ; and truffles, the delight of the gourmand, are rejected 
by the uninitiated on account ot their flavor and their pei-turae. It ia 
the same with almost all alimentary aubstancea ; they are eagerly 
sought after by some, and deapised or abhorred by others. Let ua 
remember the proverb ' de gustibui non dtsputandum,^ and uot dispute 
Id regard to tastes ; each is suited to its own country, and goodly 
numbers acclimatize themselves, In the great advantage .of peoplea 
among whom at first they seem exceedingly strange. Man should 
control his taste, and habituate It U> all wholesome aliment ; this 
neither excludes choice, nor hlunta the delicacy of tlie sense ; and 
while we resist its seductions, we should give timely heed to Its 
instineta and Ita counsela. for they are ofl«n invaluable." — The Won- 
ders oj the TIamait Body. 
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same effect is frequently observed when smell is blunted di 
an ordinary cold in the head.. Sight also contributes to taat 
With the eyea closed, food appears comparatively iiisipid; 
a person smoking tobacuo in the dark is imable to determine by 
the taste whether his oigar ia lighted or not. Accordingly, it 
is not a bad plan to elose the nose and shut the eyes 'when 
about to swallow some disagreeable mediciae. 

36. Influence of Education on the Taste. — The chief use of 
the sense -of taste appears to be to act as a guide in the 
selectiou of proper food. Hence its organs are properly placed 
at the entrance of the digestive canal. As a general rule, 
those articles which gratify the taste are wholesome; while the 
opposite is true of those which impress it disagreeably. This 
statement is more esact in reference to the early than to the 
later years of life, when, by reason of improper indulgence, tlie 
sense of taste has become dulled or perverted. The desires of 
a child are simple ; he is fully satisfied with jilain and whole- 
some articles of diet, aud must usually "learn to like" those 
which have a strongly marked Savor, Accordingly, it ia far 
easier at this age to encourage the preference for plain food, 
and thus establish healthful habits, than later iu life to uproot 
habits of indulgence in stimulating substances, after their ill 
effects begin to manifest themselves. 

37. The tastes'of men present the most singular diversities, 
partiy the residt of necessity and partly of habit or education. 
The Esquimaux like the rank smell of whale-oil, which is a 
kind of food admirably suited to the requirements of their icy 
climate; and travelers who go from our climate to theirs are 
not slow to develop a liking for the same articles that the 
natives themselves enjoy. The sense of taste is rendered very 
acute by education, as is shown in an especial mannei by those 
who become professional "tasters " of tea and wine. 

38. The Sense of Smell — the Nasal Cavities. — The sense of 
smell is located in the delicate mucous membrane which linea 
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the interior of the nose. That prominent feature of the face, 
the noBe, which ia merely the front boundary of ttie true nasal 
organ, is Minposed partly of bone and partly of cartilage. The 
upper part of it ia united with the skidl by means of a few 
small bones, to which circumstance is due its permanence of 
sha'pe. The lower portion, or tip of the nose, contains several 
thin pieces of cartilage, which render it flesible and better able 
to resist the effects of blows and pressure. Behind the nose we 
find quite a spacious chamber, separated from tlie mouth by 
the hard palate, forming the "roof of the mouth," and also by 
the soft palate (see Fiy, G2) ; and divided into two cavities by a 
central partition running from before backward. 

39. These nasal cavities, constituting the true beginning of 
the air-pass^es, extend from tbe nose backward to the upper 
opening of the throat, and rise as high as the junction of the 
nose with the forehead. The inner wall of each cavity is 
straight and smooth ; but from the outer wall there jut into 
each cavity thj-ee small scroll-like bones. The structure of 
these bones is very light, and hence they have been called the 
" spongy " bones of the nose. In this manner, while the extent 
of siirface ia greatly increased by the formation of these wind- 
ing passages, the cavities are rendered extremely narrow; so 
much so, in fai^t, that a moderate swelling of the raucous mem- 
brane which lines them, as from a cold, is sufficient to obstruct 
the passage oE air tlirough them. 

40. The Nerve of Smell. — The internal surface of tbe nasal 
passages is covered by a delicate and sensitive mucous mem- 
brane. Its surface is quite extensive, following as it does all 
the inequalities produced by the curved spongy bones of the 
nose. Only the upper portion of it is the seat of smell, since 
that part alone receives branches from the "first pair" of 
cranial nerves, or the olfactory nerve,, which is the special 
nerve of smell (see Fig, 62), In Fig. 62 is shown the distribu- 
tion of this nerve, in the form of an intricate network up<m the 
two upper sixmgy bones. The nerve itself (1) does not issue 
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from the skull, hut rests upon a thhi hone which separate 

it from the cavity of the nose; and the branches which proceeil 

from it pass through this hone hy means of nuineroua small 

' openings. The engraving represents the outer siurface of the 

I right nasal cavity; the tliree wave-like inequalities, npon which 

• the nervous network is spread out, are due to the spongy bones. 

The left cavity ia sapplied in the same manner. 

41. The nerves whieh ramify over the lower part of the 
membrane, and which endow it with aenaihility to touch and 
pain, are branches of the 
"fifth pair" of nerves. 
An irritation applied to 
the parts wliere this nerve 

distributed occaaiona 
sneezing— that is, a spas- 
modic contraction of the 
diaphragm, the object of 
which is the expulsion of 
irritating cause. The 
manner in which the ol- 
factory oerve-fibrea termi- '"■ ' ~ ■™'™ "■' '"" """^ "*'■ i-*"" 
nate is peculiar. Unlike the cKtreinities of other nerves, which 
are enclosed by a greater or less thickness of tissue, these come 
directly to the surface of the mucous membrane, and thus are 
in very close contact with the odorous particles that are carried 
along by the respired air. The surface ia at all times kept in 
% moist condition by an abundant flow of nasal mucua; other- 
wise it would become dry, hard, and insensitive from the con- 
tinual passage of air to and fro in breathing. Birds, whiish 
respire more actively than men, have a special gland for secret- 
ing a lubricating fluid, located in the air-passages of the head. 

42. The Uaes of the Sense of Smell. — Smell is the special 
aense which enables us to apjjreciatc odors. Touch, aa we have 
Been, is largely c 
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fluids, or with solida in Bolutiom Mmell, on the other hand, is 
deaigued to afford us in formation in reference to aubstancea 
la a volatile' or gaseous form. Invisible particles issue from 
odorous bodies and are brought by the respired air in contact 
with the terminal filaments of the olfactory nerve, upon which 
an agreeable or disat,'reeabte impression is produced. The fine- 
ness of the pEirticles that constitute odors is often so extreme 
that they elude all attempts to measure or weigh them. A 
piece of musk, for instance, may be kept for several years, 
constantly emitting perfume without any appreciable loss o^ 
weight. In other cases, a loss of substance is perceptible, as 
in the essential oils, which enter into the composition of thp 
ordinary perfumes. 

43. Smell, like taste, aids us in the choice of proper food, 
leading us to reject such articles as have a rank or putrid odor, 
and which are, as a rule, unfit to be eaten. The highest use- 
fulness of this sense, however, consists in the protection it 
affords to the organs of respiration. Stationed at the gateways 
of the air-passages, it examines the current of air as it enters, 
and warns us of the presence of noxious gases, and of other and 
generally invisible enemies to health. Not all dangerous vapors 
are offensive, but almost all offensive vapors are imtit to be 
breathed. A number of small stiff hairs grow from the margin 
of the nostrils to prevent the entrance of dust and other atmos- 
pheric impurities, which would be alike iujui'ions to the olfac- 
tory mucous membrane and to the lungs. The benevolent 
design of the Maker of our bodies may be observed in all parts 
of their mechajiism; but, proljably, in none is it more clearly 
displayed than in connection with the sense of smell. (_Sead 
Ifole tl.) 

6. The Protective Function of the Sense of Smell, — " Smell seeniH 
to be regariied aa an endowment beatiiwed simply tor pleasure, serving to 
promote no Important or vital end. That iU main use Is to signal danger 
to internal parta la not duly appreciftted. The detection of an offensive 
odor Is IhouRht to be the only bad thing about it, and which, to those 
habituated to it, Is fit no subsequent Importance. Men even pride them- 
selves on becoming acciuitouied to oRensive odors, and quite enjoy the 

41. Aid glTsn bf unell r Tha UKheBtaH ol UwhohI Ifj^jUia'ftAiniKua 
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44. The sense of smell is developed in a remarbame d^res 
in certain of the inferior animals, and is especially acute in 
reference to the peculiar odors that characterize the different 
animals. The lion and other carnivorous beasts scent their 
prey from a great distance ; aud the fox-hound is able to tra*5k 
the f OS through thickets and over open country for many miles ; 
■while the timid, helpless herbivora, such as the deer and sbeep, 
find in Ihe sense of smell a means of protection against their 
natural enemies, of whose approach they are in this manuer 
warned. By training this sense in the dog, and making it sub- 
servient to his use, man is able to hunt with success certain shy 
and very fleet animals, which otherwise he could but seldom 
approach. Among men, individuals differ greatly In respect to 
the development of this sense ; and especially in certain savage 
tribes it is found to be extremely delicate. Humboldt states 
that the natives of Peru can by it distinguish in the dark 
between persons of different races. (lieai Note 7.) 

sight of one whose nerve of smell is not beaumbed like their own. Iii- 
Htead of seeking to blunt the aensfbilitEeH of tbia nerre, it should be a. 
Btudy to improve it, ax the most delicate and available test of air im- 
purity — iait superior, under ordinary cEramnataoces, to the tesis at 
science. In this way all ordinary atmoepberic impurities may be quickly 
detected ; and it is truly retnarkable how, by a little attention, this sensa 
can be so improved as to detect instantly even slight impurities to 
which it had before been inaeneibie. In many houses, by the total 
neglect of this senfle, there is au ever-present family odor, produced fty 
some special kind of household impurity, and of which the inmates do 
not seem to be aware. To those accustomed to pure air, house odors are 
always perceptible and disagreeable. Tliis ouglit to be accepted as sufli- 
clent evidence of their unheaithfui tendencies ; not perliaps of an instant 
ir violent sort, yet enough bo to give rise to many sensationa of Rliglit dls- 
oomtort, and producing, wiien long continued, a state of the body very 
favorable to the beginning and growth of virulent diseases." — Black''8 
Ten Lams of Health. 

T. The Efiecta of Certain Odors. — "I have not seen it anywhere Itud 
down as a general rule, but I believe it might be affirmed, that we are 
intended to be impressed only sparingly and transiently bj odor. There 
Is a pTDvislon for this in the fact Uuit all odors are vapors 
DtlierwiBe volatile substances; so that they touch but the inside of 
noBtiil, and then pass away^ 
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The Sense of Sight. — Sight, or vision, is the special 
seilflB hy iiieiins of which we appreciate the color, form, size, 
distauce, aud titliei' physical properties of the obje<ita of exter- 
nal nature. FriinarUy, this sense furnishes ua with informal 
tion concerning the difEerent shades of color and the different 
degrees of hrightuess : these are the simple sensations of sight, 
such as the yellowness and glitter of a gold coin. In addition 
to these, there are composite visual sensations, produced by the 
joint action of the other senses and by tlie use of the memory 
and judgment ; such as, in the case of the coin, its roundness, 
solidity, size, its distance and direction from us. So that many 
of our sensations, commonly considered as due to sight, are in 
reality the leaults of intellectual proeeasea which take pla^e 
instantaneously aud unconsciously. 

46. This faculty not only is valuable in the practical every- 
day affairs of life, but it contributes so largely to the culture 
of the intellect and to our higher forms of pleasure, that some 
wiitevs are disposed to rate it as the tirst and most valuable of 
the senses. Others, however, maintain that the sense of hear- 
ing does not yield in importance to that of sight j and they cite 

*> In canformity with tliia (leetlug character of odorous bodies, it U a 
law in reference to ourBelveB, to wliicli, &B far as I know, there is no 
exception, that tliere is not any subutance baviiig a powerful smell of 
which it is safe to talie much, internally. The most familiar poisonous 
vegetables, auoli aa thu poppy, hemlock, lienbsue, monk's-hood, and the 
plants conU^ning prussic acid, have all a. strong and peculiar smell. 
Bitric, muriatic, acetio, and other corrosive acids, have characMristio 
potent odors, and all are poisons. Even bodies with agreeable odors, 
like oil of roses, or oinnamon, or lavender, are wholesome only in very 
small quanlitics, and, when the odor is repulsive, only Ic the smallest 
qoanlities. So far as health is concerned, the nostril juaiild be but 
sparingly gratified with pleasing .odors or distressed by ungrateful ones. 
No greater mistake can be made in sick-rooms than dealing largely in 
aromatic vinegar, eau de cologne, lavender water, and other perfumes. 
This biding of one udor by another Is like tryhig to put away the taste ot 
bitter aloes by that of Epaom salts. Physical comfort is beet secured by 
rarely permitting an infraction of the rule that the condition of health is 
no odor at all." — Wilaon on the Five Gateways of Knowledge. 
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m support of their position the fact that the blind are oom- 
monly cheerful and gay, while the deaf ai-e inclined to be 
morose and melanclioly. In respect to the relative capacity 
for receiving education in the deaf and blind, it ia found that 
the former learn more quickly, but their attainments are not 
profound ; vfhile the blind acquire more slowly, but are able 
to study more thoroughly. 

47. Light — The Optic Nerve. — Unlike the senses previously 
considered — touch, taste, and smelt — sight does not bring ns 
Into immediate contact with the bodies that are examined ; but, 
by it, we perceive the existence and qualities of objects that are 
at a greater or less distance from us. In the case of the stars, 
the distance is incalculable, while the book we read is removed 
but a few inches. Light is the agent which gives to this sense 
its wide range. The nature of this mysterious force is not 
known, and it is not here to be discussed, since its study 
belongs more properly to the province of natural phUosophy, 

48. It is sufficient, in this connection, to state that the tlieory 
of light now generally accepted, and which best explains the 
facts of optics, is that known as the undulatory theory. This 
theory supposes that there exists an intangible, elastic medium, 
which filla all space, and penetrates all transparent substances, 
and vrhich is thrown into exceedingly rapid undulations or 
waves, by the sun and every other luminous body — the undu- 
lations being propagated with extreme rapidity, and moving 
not less than 186,tHH) mUea in a second. 

49. These waves are thought to produce in the eye the sen- 
sation of light, in the same manner as the sonorous vibrations 
o£ the air produce in the ear the sensation of sound. That 
part of the eye which is sensitive to these waves is the expan- 
sion of the optic nerve. It is sensitive to no other impression 
than that of light, and it is the only nerve which is acted upon 
by this agent. The optic nerve, also called the " second pair " 
of cranial nerves, is the means of communication h 
eye and the brain. 
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The two nerves constituting the pair arise from ganglia 
lying at the base of the cerebrum — one of them on each side 
— from which points they advance to the eyes, being united 
together in the middle of their course in the form of the letter 
X (Fig. 67, 2). By this union the two eyes are enabled to a«t 
harmoniously, and in some respects lo serve as a double organ. 
By reason of this same intimate nervous communication, when 
serious disease affects one eye, the fellow-eye is extremely 
liable to become the seat of sympathetic inflammation ; and this, 
if neglected, almost certainly results in hopeless blindness. 

51. The Organ of Sight — The Eye. — The proximity of the 
eye to the brain, and the important part it performs in giving 
expression to the emotions, have given it the name of "the 
window of the soul." The exceeding beauty of its external 
parts, and the high value of its fimotion, have long made this 
organ the subject of enthusiastic study. It is chiefly within 
the last twenty years, however, that this study has been suc- 
cessful and fruitful of practical results. Several ingenious 
instruments have been, invented for the examination of the eye 
in health and disease, and new operations have been devised 
for the relief of blindness and of impaired vision. As a result, 
it is now a well-marked fact that, in civilized lands, the num- 
ber of those who suffer from loss of sight is proportionally 
much less than in countries where science is less known and 
cultivated. 

52. The most obvious fa<^t in respect to the apparatus of 
sight is that there are two eyes, which may either act together 
as one, and be fixed upon one object, or one eye may be used 
independently of the other. In consequence of this arrange- 
ment, the loss 6f one eye does not necessitate blindness, and, 
in fact, it not infrequently happens that the sight of one eye 
may be long impaired or lost before the fact is discovered. 
We next notice that the eyes ai'e placed at the most elevated 
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part of the body, in front, and near the bi'ain. They also com- 
mand a wide range of view, being moved with great rapidity, 
and being further aided by the free motion of the head and 
neck. The organ of vision consists essentially of two parts : 
the optical instrument itself — the eyeball — aud its euvelop- 
parts, or the case in which the iiistriuneut is kept free from 
harm. The latter, which are external, and which we shall first 
conaider, are chieflythe orbits, the eyelids, and the apparatus 
for the tears. 

fi3. The Orbits. — The eyeball, which is a delicate organ, is 
well defended against external injury within the orbits oc bony 
sockets of the head. These are deep conieal hollows, bounded 
1 part by the bones of the akuU, and in part by those of the 
ose and cheek. The orbit juts out beyond the most exposed 
portion of the eyeball, as may be seen by laying a book over 
the eye, when it will be found that no part of the eyeball, 
unless it be very prominent, will be touched by the book ; so 
that the only direction in which au injury is liable to be 
received is immediately in front of the eye. The overhanging 
brow is itself covered by a layer of thick skin, studded with 
short, stout haiii, which are so bent aa fco prevent the perspira- 
tion from running into the eye aud obscuring vision. Through 
lie iu the bottom of the orbit, the nerve of sight passes out- 
ward from the brain. The orbit also contains a considerable 
amount of a fatty tissue, upon which, as upon an elastic 
cushion, the eye rests. 

64. The Eyelids. — The eyelids are two movable curtains, oi 
folds, which, when shut, cover the front part of the orbit, and 
hide the eye from view. The upper lid is the larger, has a 
curved margin, and moves freely, while the loVer lid is com- 
paratively short and straight, and has but a slight degree of 
motion (Fig. 63). Skin covers the exterior of the lids, while a 
fine mueoua membrane lines their inner surface, and is iikowise 
Spread out over the entire front of the eyelxill. This membrane, 
« . . 
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whioh IB called the conjunctiva, is highly sensitive, and thai 
plays an important part in protecting the eye against the lodp 
inent of sand, ashes, chaj 
and other foreign partiola^ 
tliat are blown about in tfaq 
air. This sensitive 
brane will not endure the^ 
presence of these particlee. 
If any dnst finds access, it 
causes a constant winking, 
a flow of tears, and other 
signs of irritation, until it 
is removed. {Rtad Note 8.) 

55. The long, ailky eye- 
lashes, which gamiah the 
edges of the lids, act like a 
sieve to prevent the entry of 
dust and other irritants ; and 
together with the lids, they 
egulate the amount of light which ia permitted to enter the 
i^e, ao that it is shielded from a sudden flood or glare of light. 
The little points seen iu the tigure just within the line of the 
lashes, especially on the lower lid, represent the mouths of 
numerous tittle sebaceous glands {Fig. 64, d, d), such as are 
always found in the neighborhood of hairs. These glands sup- 
ply a thick, oily material which greases the edges of the lids 
and prevents their adhering together, and likewise prevents ' 
■ the overflow of the tears upon the cheek. 

8. How to Remove Foreign Bodies from the Eye. — "Lay your 
finger on the cbesk, and draw the lower lid gently down, while tiie person 
looks as much upward as possible, azid we shall see about the whole ex- 
tent ta the lower portion of the conjunctiva, and thus, If any foreign 
snbBtanee is there, It will be readily detected, and easily wiped sway with 
a foldea soft rag or handherchlef. Both Dda have a piece of CBrtllage in 
them to stiffen them, like posteboanl, atid keep them StUrig close to the 
eyeball. The upper portion of this conjunctival sac can only be seen by 
turning over the upi^et lid. The way to do iMb 1b to let the person look 
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THE ftrKVIAL SENSES 

6. The LacliT3mial Fluid, or the Teare. — JtiBt witbiE 
miter part o£ the Ijoiiy ai-;:h ol' the brow, where the bone may 
be felt to be sharper than in other positions, is lodged a little 
organ called the lachrymal gland, the situation of which ia 
indicated in Fig. 63, 1. This is the gland wlience flows the 
watery secretion, commonly tailed the t«ars, which ia designed 
to perform an exceedingly important duty in lubricating the 
lids, and in keeping the exposed surface of the eyeball moist 
and traasparent. For, without this or some similar liquid, the 
fvont of the eye wonld speedily become dry and lustreless, like 
that of a fish which has been i-emoved from the water; the 
simple exposure of the eye to the air would then snfB.ce to 
destroy vision. 

57. This secretion of the tears takes place at all times, 
during the night as well as the day ; but it is seldom noticed, 
unless when imder the influence of some strong mental emo- 
tion — whether of sorrow or happiness — it is poured fortli 
in excess, so as to overflow the lids. Strong light or a rapid 
breeze will, among many other causes, excite the flow of 'the 
tears. That ixirtion of this secretion which is not used in 
moistening the eye is carried off into the nose by a canal situ- 

dowii with the eyes closed. Taking hold of the Inshps with one hajid, 
and applying a pencil, or aome Email, round, smoolh obiaet, over tlie lid 
above the globe, we lift the lashea out and up, warning the person to still 
keep looking down. The lid will suddenly turn over wEtli a little spring 
frou the bending of the cBrtilage. In this wny noady the whole of the 
conjunctival sac will be exposed, and any foreign body wiped away, as 
above deBcribed. But sappOBe no friend or oculist is by us to do this. 
The next best thing is to take hold of the lashes of the upper lid, and 
draw it forward and downward over the lower one, blowing the nose 
violently with the other hand at the same time. 

'■ If the foreign Hubstance is on the tornea, tnke a strip of paper not 
EtifEer ttiau ordinary writing-paper, about a quarter of an inch wide, and 
roll it np as if yon were going to make a. cimdle -lighter. Look at the 
lower end, and you will see it comes to a point. With this point now yoa 
may safely attempt to remove any foreign substance from the cornea. 
The tears which will flow soften the paper, and prevent injury tO, \ 
delicate covering uieuihrane of the cornea. "^ZV. B. Jay JtffHUi 

M. Tbu lautlna gf tho lanhrymii] gland J Thu uas at Uio glUDd f 
07. WinndoM DieiorsrcCloi'uf tliet^sn ncouc? The wurnUgn 
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''near the inner angle of the eye, called the nasal duct. 
This duet ia shown in Fig. 03, 2, and is connected with each 
lid by delicate tubes, which are indicated by dotted lines in 
the figure; the asterisk marks the little opening iu the lower 
lid, by which the tears enter the nasal duct. By gently turn- 
ing the inner part of that lid downward, and looking in a mir- 
ror, this small "lachrymal point" may be seen in your own 
eye. In old people, these points become tumod outward, and 
do not conduct the tears to the nasal cavity, thus causing an 
overflow of tears upon the face 

3S. Thus we observe that the gland which forma the tears 
is placed at the outer part of the eye, while their means of 
exit is at the inner angle of the eye; which fact renders it 
necessary that this wateiy fluid shall pass over the surface of 
the eyeball before it can escape. Tbis arrangement cannot be 
accidental, but evinces design, aa it thus secures the perfect 
lubrication of the surface of the eye, and cleanses it from the 
smaller particles of dust which may enter it, in spite of the 
vigilance of the lids and lashes. The act of winking, which 
is generally iinconsciously performed, and which takes place 
six or more times in a minute, assists this passage of the tears 
across the eye, and is especially frequent when the secretion 
is most abundant. 

69. The Eyeball. — The eyeball, or globe of the eye, upon 
which sight depends, is, as the name indicates, spherical in 
shape. It is not a perfect sphere, since the front part projects 
somewhat beyond the rest, and at the posterior part the optic 
nerve (Fig. C4, n) is united to it, resembling the junction of 
the stem with the fruit. Iu its long diameter — that is, from 
Bide to side — it measures a little more than an inch; in other 
directions it is rather less than an inch. In stnicture the b^l 
of the eye is firm, and its tense round contour may in part be 
felt by pressing the fingers over the closed lids. 

60. The eyeball is composed chiefly of three internal, trans- 
parent media, called humors, and three investing coats, or 

18. IliB WBtary fluid jiuiliig avur tht syeball I llenlga <>( Uiu iicn&(<nn<EM.> '«\1^•:»«^ 
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tunica. The former are the aquemis humor, Fig. 64, A, the 

crystaUine lens l, and the vitreous humor v. Of these the lens 
alone is soliil. The three coats of the eyeball are called the 
sderotic s, the cJioroid Ch, and the retina b. This arrangement 
exists in respect to five-sixtlia of the globe of the eye, but in 
the anterior one-sisth, these coats are replaced by the cornea c, 
which is thin and transparent, so that the rays of light pass 
freely through it, as through a clear window-pane. 

61, In shape, the cornea is circular and prominent, resem- 
bling a miniature watch-glass, about ^ of an inch thick. In 
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(from sderos, hard) ia composed of dense, white fibrous 'tissue, 
and gives to the eyeball its firmneHa of figure and its white 
color ; in front, it constitutes the part commoniy called " the 
white of the eye." It is one of the strongest tissues in the 
body. It possesses very few vessels, and is not very sensitive. 
It affords protection to the extremely delicate interior parts 
of the eye, and the little muscles which effect its movements 
ate inserted into the sclerotic a short distance behind the 
cornea (see Fig. G4, y, z). It is perforated posteriorly to 
admit the optic nerve. 

62. The chomid ia the second or middle coat of the eyeball, 
and lies closely attached to the inner surface of the sclerotic. 
Unlike the latter, its structure is soft and tender; it is dark 
in color, and possesses a great abundance of blood-vessels. Its 
dark color is due to a layer of dark brown or chocolate-colored 
cells spread out over its inner surface. This dark layer serves 
to absorb the rays of light after they have traversed the trans- 
parent structures in front of it. If the rays were reflected 
from aide to side within the eye, instead of being thus absorbed, 
confused vision would result from the multitude of images 
which would be impressed upon the optic nerve. 

63. This mechanism has been unconsciously imitated by the 
opticians, who, when they make a microscope or telescope, take 
care that the interior of its tube shall be coated with a thick 
layer of black paint or lamp-black ; for without it, a clear 
delineation of the object to be viewed is impossible. The 
albinos, iu whom these dark cells of the choroid are wanting, 
have imperfect vision, especially in the daytime and in strong 
lights. The dark cells are also wanting in white rabbits, 
and other animals that have red or pink eyes ; their vision 
appears to be imperfect in the presence of a bright light 

84. The Mb. — Continuous with the choroid, in the front 
part of the glolie of the eye, is a thin, circular curtain, which 
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■ occasions the brown, blue, or gray color of the eye in different 
individuals. On account of the varieties of its color, this 
membrEuie has received the 
name Iris, whicl^ is tlic 
. Greek word for "rainbow" 
(see Fig. 64, i). A from 
If of it is shown in Fig. 

The iris ia pierced in 
its centre by a round open- 
ing, called the pupil (p), 
which is constantly v.iry- 

Q size. In oldeu times 
it was spoken of as the 

lie of the eye." The 
hinder surface of the iris, 
except in albinos, has a na. bb,— fbont section or tub EYra*ir, 
layer of dark coloring mat- p^ao" uoame^" uIb ^^no 7™™" '"' 

isembliiig that of the 
choroid. The iris is a muscular organ, and contains two 
distinct sets of fibres, one of which is circular, while the 
other radiates outward from the pupil. Their action regulates 
the size of the pupil ; for when the circular set acts, the open- 
ing contraets. Their action ia involuntary, and depends on 
the reflex system of nerves, which causes the contraction of 
the pupil when a strong light falls upon the eye, and its expan- 
sion when the illumination ia feeble. The suspensory ligament 
holds the crystalline lens in its place. (Fig. 65.) 

65. The iris, accordingly, serves a very useful purpose in 
regulating the admission of tight to the eye (see Fig. 65). It, 
however, does not act instantaneously ; and hence, when we 
pass quickly from a dark room into the bright sunlight, the 
vision is at first confused by the Iglare of light, but as soon aa 
the pupil contracts, the ability to see becomes perfect. Ou the 
other hand, when we enter a daik apartment, such aa a cellar, 
for a short time we can see nothing clearly ; but as soon aa the 
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pupil expands and admits more light, we are enabled to distin- 
guish the surrounding objects. Animals of the cat species, 
and others whicli prowl around after nightfall, are enabled to 
see in the dark by having the iris very dilatable. The size of 
the pupil affects the lustre of the eye. When it is large, as it 
usually is during youth, the eye appears clear and brilliant ; 
while in old age the pupil is small and the eye is dull. The 
brilliancy of the eye is in part, at least, dependent upon the 
reflection of light from the front surface of the crystalline 

66. Certain poisonous vegetables have the property of caus- 
ing the pupil to dilate, and have been used in small doses to 
increase the beauty of the eye. One o£ these drugs liaa been 
so largely used by the ladies for this purpose that it has 
received the name belladonna, from the Italian words meaning 
" beautiful lady," This hazardous practice has resulted more 
than once in the death of the person desiring thus to increase 
her personal attraction. The common English name for bella- 
donna is " deadly nightshade." (In the diagram on page 303 
the shape and relations of the iris are more accurately shown 
than in the figures referred to above.) 

67. The Retina constitutes the third and inner coat of the 
globe of the eye. This, the important part of the eye that is 
sensitive to light, is a kind of nervous membrane, formed by 
the espanaion of the optic nerve. Its texture is soft, smooth, 
and very thin ; it is translucent and of an opaline, or grayiah- 
white color. It is sensitive to light atone ; and if any form of 
mechanical irritation be applied to it, the sensations of touch 
and pain are not ezperienced, but flashes of fire, sparks, and 
other luminous appearances are perceived. Thus an electric, 
shock given to the eyeball occasions a flash of light; and a 
sudden fall, or a blow upon the eye, is often apparently accom- 
panied by the vision of " stars." 

68. These phenomena are due to what is termed the " specific 
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energy " of the optic nerve, wkich nerve, in conunon with tt»« 
other nerves of the special sense, obeys a general law of nature, 
which requires that, whenever one of these nerves is stimulate)!, 
it shall respond with the. sensation peculiar to itself. These 
flashes of retinal light have no power to illuminate external 
objects, although the opposite of this statement has been main- 
tained. On the occasion of a remarkable trial in Germany, it 
was claimed by a i>eraon who had been severely assaulted on a 
very dark night, that the flashes of light caused by repeated 
blows upon the head enabled him to see with sufficient distinct- 
ness to recognize liia assadant. But the evidence of acientiflc 
men entirely refuted this claim, by pronouncing that the eye, 
under the circumstances named, was incapacitated for vision. 
Too intense light occasions a feeling of pain, but it is of a 
peculiar kind, and is termed " dazzling." 

69. All parts of the retina are not equally sensitive, and 
singularly enough, the point of entry of the nerve of sight in 
the hack part of the eyeball is entirely insensible to light, and 
is called the " blind spot." The existence of this point may 
be proved by a simple experiment. Hold the accompanying 
figure, on page 283, directly in front and parallel with the eyea. 




Close the left eye, and fix the sight steadily on the left-hand 
circle ; then, by gradually varying the distance of the figure 
from the eye, at a certain distance (about six inches), the right- 
hand circle will disappear, but nearer or further than that, it 
will be plainly seen. The other eye may be also tried, with a. 
similar result: if the gaze be directed to the right-hand circle, 
the left one will seem tu disappear. The experiment may be 

^. Benaltlreovaa of lU puii of [be ratiiw I Siperliaent to prurs 
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"repeated by using two black buttons on the marble top of a 
bureau, or on sonie other white surface. The blind spot does 
not practically interfere with vision, sines the eye is seldom 
fixed immovably on au object, and the insensitive parts of the , 
two eyes can never be directed upon the same object at the 
same time. 

70. Impreasiona made upon the retina are not at once lost, ' 
but continue a measurable length of time, and then gradually 
fade away. Thus, a bright light, or color, gazed at intently, 
cannot he immediately diamiaeed from sight by closing or turn- 
ing away the eyes. A stick lighted at one end, if whirled ' 
around rapidly in the dark, presents the appearance of an un- 
broken luminous ring ; and the spokes of a rapidly revolving 
carriage- wheel seem to be merged into a plane surface. If an 
object move too rapidly to produce this sort of lasting impres- 
sion, it is invisible, as in the case of a cannon-ball passing 
through the air in front of us. 

71. If a card, painted with two primary coloi'S — as red and I 
yellow— be made to rotate swiftly, the eye perceives neither 
of them distinctly ; but the card appears painted with their 
secondary color — orange. The average duration of retinal 
images is estimated at oiFe-eighth of a second ; and it is because 
they thus endure, that the act of winking, which take.i place 
so frequently, but so quickly, is not noticed and does not inter- 
rupt the vision. The retina is easily fatigued or deprived of 
its seusibility. After looking steadfastly at a bright light, or I 

' at a white object on a black ground, a dark spot corresponding 
in shape to the bright object, presents itself in whatever direc 
tiun we look. This spot passes away as the retina resumes its 
activity. 

78. If a bright color be gazed at intently, and the eyes then 
be turned to a white surface, a spot will appear ; but its color 
will bo the complement of that of the object Fix the eye 
upon a red wafer up<in a white ground, and on removing the 

10. Dum»Dnoritn|,resilaniupanUianUQiit tlg» Uluibslad t 
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^V vafer a greenish spot of the same shape takes its place. This 
^m result happens because a certain poition of the retina has 
^P exhausted its power to perceive the red ray, and perceives ouly 
its complementary ray, which ia green. The color thus sub- 
stituted by the exhausted retina is called a physiological or 
accidental color. In some persons the retina is incapable <rf 
distinguishing different colors, when they ai'e said to be affected 
■with " color-blindness." Thus, red and green may appear alike, 
and then a cherry-tree, full of ripe fruit, will seem of the same 
color in every part Railroad accidents have occurred because 
the engineer of the train, who was color-blind, has mistaken the 
color of a signal. {Read Note 9.) 

73. The Crystalline Lens. — Across tlie front of the eye, just 
behind the iris, is situated the cryatalUne lens, enclosed within 
its own capsule. It ia supported in its place partly by a deli- 
cate cireular ligament, and partly by the pressure of adjacent 
structures. It is colorless and perfectly transparent, and has 
a firm but elastic texture. In shape, it ia doubly convex, and 
may be rudely compared to a small lemon-drop. The front 
face of the lens is flatter than the other, and is in contact with 
the iris near its pupillary margin, as is represented in the dia- 
gram of page 290. It is only one-fourth of an inch thick. 

9. CDloi-blindneBS. — " Daltonism, or color-blindness, receives its 
name from the eminent EngliHb cliemisl wlio described this infirmity 
as it existed in liis own case. It arises from an unnatural condition 
of the organs of vision whicli prevents the discriminatioii of certain 
colors. Some persons will mistake red lor green ; so tliat ripe cherries on' 
a tree appear the name as the leaveti; others recognize on!; black and 
white. Persons thus affected are sometimes incapable of discriminating 
musical tones. The healthy eye ordinarily fails to discriminate between 
certain colors, blue and green especially, wlien viewed by artificial 
light. But even this may in a measure be overcome by training, so 
that an expert dealer in siik obtains a knowledge of the shades of blue, 
green, and violet, which is proof against tlio confusing influence of gss' 
light wid tinted curtains. The eyes of persons who have much to do with 
colors are more liable to become overstraioed than those dealing cliiefljr 
with rays of white light." —Flint's Phyaiology (in part). 
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74. When this little body beeomea opaque, and no longer 
affords free passage to the rays of light, as often happens with 
the advance of age, an affection termed " cataract " is produced. 
Between the crystalline lens and the cornea is a small space 
which contains the aijaeoua humor (see Fig. 64, a). This humor 
consists of five or six drops of a clear, colorless liquid very 
much like water, as its name implies. That part of tlie globe 
of the eye lying behind the lens ia occupied by the vitreous 
humor, so called from its fancied resemblance to melted glass 
(Fig. 64, v). This humor ia a transparent, jelly-lite mass, 
enclosed within an exceedingly thin membrane. It lies very 
closely applied to the retina, or nervous membrane of the eye, 
and constitutes fully two-thirds of the bulk of the eyeball. 

75. The Uses of the Crystalline Lens. — A convex lens has the 
property of converging the rays of light which pass through it; 
and the point at which it causes them to meet is termed its 




focus. If a lens of this description, such as a magnifying or 
burning-glass, be held in front of an open window, in such a 
position as to allow its focus to fall upon a piece of paper, it 
will be found to depict upon the paper a miniature image of the 
scene outside of the window. It will be further noticed that 
the image is inverted, or upside down, and that the paper at 
the place upon which the image is thrown is much brighter 
than any other part. 
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. Kow aJI the transparent structures of the eye, tut es- 
pecially the crystalline lens, operate upon the retina, as the 
convex lens acts upon the paper — that is, they paint upon the 
retina a bright, inverted miniature of the objects that appear in 
front of the eye (Fig. 67). That this actually takes place may 
be proved by experiment. If the eyeball of a white rabbit, the 
■walls of which are transparent, be examined while a lighted 
caudle is held before the cornea, ao image of the candle-flame 
may be seen upon the retiim. 

77. The form and structure of the crystalline lens endow it 
with a remarkable degree of refractive power, and enable it to 
converge all the rays of light that enter it through the pupil, 
to a focus exactly at the surface of the retina. When this lens 
is removed from the eye, as is frequently done for the cure of 
cataract, it is found that the rays of light then have their focus 
three-eighths of an inch behind the retina ; that the image ia 

I ,four times larger than in the healthy eye; that it is less bvil- 
liant, and that its outline is very indiatinet. From this we 
learn that one of the uses of the crystalline lens ia to make the 
retinal image bright and sharply defined, at the same time that 
it reduces its size. Indeed, the small size of the image ia a 
great advantage, as it enables the limited surface of the retina 
a receive, at a glauce, impressions from a considerable field of 

78. As the image upon the retina is inverted, how does the 
nind perceive the object in its true, erect position? Many- 

explanations have been advanced, but the simplest and most 
satisfactory appears to be found in the fact that the retina 
observes no difference, so to speak, between the right and left 
or the upper and lower positions of objects. In fact, the mind 
is never conscious of the formation of a retinal image, and 
until instructed, has no knowledge that it exists. Conse- 
quently, our knowledge of the relative location of external 
objects must be obtained from some other source than the let- 
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ino. The probable source of this knowledge is the habitual 
eompariaon of those objects with the position of our own 
bodies; thus, to see an elevated object, we liiiow we must raise 
the head and eyes; and to see one at our right. hand, we must 
turn the head and eyes to the right. 

79. LoDg-Bigtat or Hyperopia, and Short-sight or Myopia. — 

The eye is not in all cases perfectly formed. For example, 
persons may from birth have the cornea too prominent or too 
flat, or the lens may be too thick or too thin. In either of 
these conditions sight will be more or less defective from the 
first, and the defect wUl not tend to disappear as life advances. 
The most common imperfection, however, is in the shape of 
the globe; which may be short (Fig. 68, h), as compared with 
the natural eye, n, or it may be too long, h. 

80. When the globe is short, only objects that are at a 
distance can be clearly seen, and the condition of the vision is 
known as " long-sight," or hyperopia. It will be observed, hy 




reference to Fig. 68, that the focus of the rays of light would 
fall behind the retiuiL of this eye. When the globe is too long, 
only objects that are very near to the eye can be clearly seen, 
and the condition resulting from this defect is termed " short- 
sight," or myopia. The focus of the raya of light is, in this 
case, formed in the interior of the eye in front of the retina. 
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81. Long-sight, or hyperopia, is commoD among achool-chil* 
dren, nearly as much so as short-sight, and must not be 
confounded with the defect known as the " far-sight " of old 
people; although in both affections the sight is improved by 
the uae of convex glasses, t'hildren not infrequently discover 
that they see much better when they chance to put on the 
apeetacles of old persons. For the relief of short-sight, con- 
cave glasses should be employed ; as they so scatter the rays 
of light as to bring the focus to the retina, and thus cause the 
vision of remote objects to become at once distinct. That form 

" squint," in which the eyes are turned inward, is generally 
dependent upon long-sight, while that rarer form, when they 
tarn outward, is due to short-sight. (Bead Note 10.) 

82. The Function of Accommodation. — If, after loofaing 
through an opera-glaas at a very distant object, it is desired 

r another nearer at hand, it will be found impossible 
to obtain a clear vision of the second object unless the adjust- 
ment of the iDstrument be altered, which is effected by means 
of the screw. If an object, like the end of a pencil, bo held 
near the eye, in a line with another object at the other side of 

10. On tlie Production of Sliort-Slelit. — "The observationB of Cohn 
the Bchoola and University of Brealuu, of Kruger in Frankfort-on-the- 
Main, of Erismanii in St. FeCeTstJurgli, uf Von Hoffmann in Wiesbaden, 
and others abroad, prove roost conclusively that one of the Itad eSects of 
school and college life is to produce diseases of the eyes. They have 
shown that near-sightedness increases rapidly in fretjuenoy as you go up 
in the scale of schools from the primaries of the rural districts to the 
universities. The gravity of this finding may be appreciated when we 
remember that near-sightedness is a disease, and that It very frequently 
descends from one generation to another, marked by such organic changes 
in the eyes as tend to the production of the worst forms of the malady, 
B[id to blindness. In 1867, Cohn, of Breslau, published the results of tbe 
examination of the eyes of 10,060 echolars. His examinations covered 
the entire range of school life. He found that 1 .750 of the 10,060 children 
had defective vision — about seventeen per cent. He also examined, 
without selection, 410 of the 064 students of the Bresku University, and 
found that not one-third had normal eyes." — Dr. C. R. Agnae. 
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room, or out of tlie window, aiid the eye be fixed first 
upon one and then upon the other, it will be found that when 
the pencil is clearly seen, the further object is iudistiuct ; and 
when the latter is seen clearly, the pencil appears indistinct, 
and that it is impossible to see both clearly at the same time. 
Accordingly, the eye must have the capacity of adjusting itself 
to distances, which is in some manner comparable to the fiction 
of the screw of the opera^laas. 

83. This, which has been called the function of accommoda- 
tion, ia one of the most admirable of all the powers of the 
eye, and Is exercised by tlie crystalline lens. It consists 
esseufcially in a change in the curvature of the front surface 
of the lens, partly tlirough its own elasticity, and partly 
through the action of the ciliary muscle. When the eye is 
at rest — that is, when accommodated for a distant object — 
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the lens is flatter and its curvature diminished (see Fig. 69) ; 
but when strongly accommodated for near vision, the leas 
becomes thicker, its curvature increases, and the image on 
the retina is made more sharp and distinct. Since a strong 
light is not required in viewing near objects, the pupil con- 
tracts, as is shown in the left-hand half of the diagram. 
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■^ 84. OU'Blght, or Presbyopia. — Btit this marvelloasly beaatii- 
H ful mechanism hecoines wurii with use; or, more strictly speaJi- 
V ing, the lens, like other structures of the body, becomes harder 
with the a^pproach of old age. The material composing tbe 
lens becomes less elastic, the power to increase its curvature is 
gradually lost, and as a consequence, tbe person is obliged to 
hold the book farther away when, reading, and to seek a 
stronger light. In a word, tbe function of accommodation 
begins to fail, and is about tbe first evidence that marks the 
decline of life. By looking at the last preceding diagram, and 
remembering that tbe increased curvature of tbe lens cannot 
take place, it will be at once understood why old-sight is bene- 
fited in near vision by tbe convex lens, such as tbe spectacles 
of old people contain. It acta as a substitute for tbe deficiency 
of the crystalline lens. (,Eead Note 11.) 

85. Astigmatism. — It often happens that tbe curvature of 
the cornea or of the crystalline lens, or of both, is not uniform. 
This is more often true of the cornea than of the crystalline 
lens. "When this happens, rays of light whicli pass through 
that portion of the cornea (or leus) having a greater curvature, 
win be refracted to a focus more quickly than the rest. Under 
such circumstances the focus will not be a point, as it should 
be for perfect vision, but a line. Such an eye is asligmatic. 
This dilficulty is very common, and should be corrected by 
glasses fitted for each case. 

11, The Choice of Glasset. — "The perfectly healthy, normal eye 
begins to need a glaas for ordinary work at between forty and forty-five 
years of age — of course, ne here exclude ail debilitated conditions of Uie 
body resulting from disease. Now, then, comes the question. — shall we 
put cm gloaseH, and of what strength ? To answer some prevalent fallacies 
handed down from one generation to another, ne cannot do better Chan 
quote from tbe higheat authority. Prof. Donders, who says : ' The opinion 
is rather general that we should refrain as long as possible from the ow 
of convex glasses. But, la It not folly to weary the eyes and the mind 
together, without necessarily condemning ourselves to guess, with much 
trouble, at the fornis which we could see pretty well with glasses ? ' 

" Strangely enough, people have fallen also into tbe opposite faoH. 
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86. The Sense of Hearing — Sound. — Hearing is the spedat 
sense by means of which we are made acquainted with sound. 
What is sound ? It is an impression made upon the organs of 
hearing, hy the vibrations of elastic bodies. This impreaaion 
ia commonly propagated by means of the air, which is thrown 
into delicate luidulationa in all directions from the vibrating 
Bubatance. When a atone ia thrown into smooth wateij a wave 
of circular form ia set in motion from the point where the 
atone struck, which, as it advances, conataatly incveaaea in size 
and diminishes in force. 

87. Somewhat resembling this la the undulation, or sound- 
wave, which is imparted by a aonorons vibration to the 
surrounding atmoapbere. Its shape, however, is spherical, 
rather than circular, aince it radiatea upward, downward, and 
obliquely, aa well as horizontally, like the wave in water. 
The rate of motion of this spherical wave of air is about 1050 
feet per second, or one mile in five seconds. In water, sound 
travels four times as fast aa in air, and still more rapidly 
through solid bodies; along an iron rod its velocity ia equal 
to two miles per second. 

88. The eartli, likewise, is a good conductor of aound. It 
ia said tliat the Indian of our western prairies can, by listening 
at the surface of the ground, bear the advance of a troop of 
cavalry while tbey are still out of sight, and can even discrim- . 
inate between their tread and that of a herd of buffaloes. Solid 
substances also convey sounda with greater power than air. 

Some have thought, hy the early use of spectaulea, to be able lo preBerre 
their power o[ visiou, and have recomoiended aj\i empluyad ' conservative 
glasses.' If I am uot mistaken, scU-interest bad something to do wiib 
this recommendation. So louR aa the eye does not err, and remains free 
from fatigue in the work required of It, Its own poner is sufficient, and it 
is inexpedient to seek assistance In the use o[ convex glasses." — Dr. 
B. Jog Juries. 
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If the ear be pressed against one eud of a long beam, the 

scratching of a pin at the other extremity may be distinctly 
heard, which will not be at all audible when the ear is removed 
from the beam. Although air is not the best medium for con- 
veying sound, it is necessary for its production. Sound can- 
not be produced in a vacuum, as ia shown by ringing a bell in 
the CKbausted receiver of an air-pump, for it ia then entirely 
inaudible. But let the air be re-admitted gradually, then the 
tones become more and more distinct, and when the receiver is 
again full of air, they will be as clear as usual. 

89. All sonorous bodies do not vibrate with the same degree 
of rapidity, and upon this fact depends the pilch of the sounds 
that they respectively produce. The more frequent the num- 
ber of vibrations within a given time, the higher will be the 
pitch ; and the fewer their number, the lower or graver will it 

Now, the rate of the successive vibrations of difEerent 
notes has been measured, and it has thus been found that if 
they are less- than sixteen in a second, no sound is ■audible; 
while, if they exceed 60,000 per second, the sound is very 
faint, and is painful to the ear. The extreme limit of the 
capacity of the human ear may be considered as included 
between these points, but the sounds which we ordinarily hear 
are embraced between 100 and 3000 vibrations per second. 

90. The ear, which is the proper organ of hearing, is the 
moat complicated of all the structures that are employed in 
the reception of external impressions. The parts of which it 
is composed are numerous, and some of them are extremely 
small and delicate. Nearly all these parts are located in an 
irregularly shaped cavity hollowed out in the temporal, or 
"temple" bone of each side of the h«ad. That part of the 
bone in which the auditory cavity is placed has the densest 
structure of all bones of the body, and has, therefore, been 
called the " petrous," or rocky part of the temporal bone. In 
studying the ear, it is necessary to consider it as divided into 
three portions, which are called, from their relative positions, 
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the external ear, the middle ear, ami the internal ear. (In the 
diagram, Fig. 70, A, the first is not shaded, the second is lightly 
shaded, and the last has a dark background.) 

91. The External Ear. — The external portion of the organ 
of hearing, designated in Fig. 70, a, includes, first, that outer 
part (a), which is commonly spoken of as " the ear," but which 
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in fact is only the portal of that organ; and, secondly, the 
auditory canal (b). The former consists of a flat, flexible piece 
of cartilage, projecting slightly from the side of the head, 
attached to it by ligaments, and supplied with a few weak 
rauscles. Its surface is uneven, and curiously curved, and from 
its resemblance to a shell it has been called the concha. It 
probably serves to collect sounds, and to give tliem an inward 
direction, although its removal is said not to impair the aeute- 
ness of heai'iug more than a few days. 
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92. In tbose animals whose hearing is more delicate t 
that of man, the liorreaponiiiug orgau is of greater importance, 
it buiiig larger, and supplied with muscles of greater jxiwer, 

that it serves as a natural kind of eav-trumpet, whiuh ia 
easily movable in the direution of any sound that attruuts the 
attention of the animal. Bold, preying animals generally have 
the concavity of this organ directed forward, while in timorooftj 
animals, like the rabbit, it ia directed backward. Fishes haw 
no outer ear, but sounda are transmitted directly through ■ 
solid hones of the head, to the internal organ of hearing. 

93. The awlitoi-y canai (Fig. 70, a, 6), which is continuous 
with the outer opening of the ear, is a passage an inch and 
a quarter iu length, its inner extremity being bounded by a 
closely fitting, circular membrane. This canal is of oval form, 
is directed forward and inward, and is slightly curved, so that 
the inner end la ordinarily concealed from view. The pouch 
of the skin which lines this passage is smooth and thin, 
especially at the lower end, where it covers tlie membrane 
just mentioned. 

94. As in the case of the nostrils, a number of small, stiff 
hairs garnish the margin of the auditory canal, and guard it, 
to some extent, against the entrance of insects and other for- 
eign objects. The skin, too, covering its outer half, is furnished 
with a belt of little glands which secrete a yellow, bitter sub- 
stance, called " ear-wax," which is especially obnoxious to small 
insects. As the outer layer of this wax-like material loses its 
useful properties it becomes dry, and falls out of the ear in the 
form of minute, thin scales, a fresh supply being furnished 
from the little glands beneath. In its form, the auditory canal 
resembles the tube of an ear-trumpet, and serves to convey the 
waves of sound to the middle portion of the ear. 

95. The Middle Ear, or Tympanum. — The middle ear is a 
small cavity, or chamber, of irregular shape, about one-fourth 
of an incli across from side to side, and half an inch long (fit^ 
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Vig. 70, A, d). From tbe iieculiar arrangement of its varioua 
parts it has very properly been called, the tymjxinum, or the 
" drum of the ear." The middle ear, like the external canal, 
oontaios air, 

98 Tl e circular memlrane already mentioned as closing the 
luditory tanal is t!ie partition which separates the middle 
frjm the external e<ir and la called the membranu I/ti pam (c), 
and miy be considered as the outer head of tlie drum of the 
ear It 18 sometimes itaelf spoten of as the drum but this 
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is incorrect, since, a drum is not a membrane, but is the hollow 
space across vhich the membrane is stretched. This meiiv- 
brauons drum-head is very tense and elastic, and so thin as to 
be almost transparent; its mar^n is fastened into a circnlar 
groove in tlie adjacent bone. Each wave of sound that touches 
this delicate membrane causes it to Til)rate, and it, in turn, 
excites movements in the parts beyond, 

97. Within the tympanum is arranged a chain of remark- 
able "little boues," or oasiek-.i. They are chiefly three in 
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I number, and from their peculiar shapes bear the following 
[ names : malleus, or the mallet ; iwc«s, or the anvil ; and stapes, 
[ or the stirrup, A fourth, the smallest bone in the body, in 
I early life intervenes between the ineus and the stapes, but at 
I a later period it beeomes a part of the incus. It is called the 
r orbiiatlar bone. Small as are these ossicles^aud they, together, 
■weigh only a few grains — they have their little muscles, carti- 1 

, and blood-vessels, as perfectly arranged as the largt 
bones of the body. One end of the chain of ossicles, the n 
let, is attached to the membrane of the tympanum, or outetfB 
' drum-bead, while the other end, the stirrup, is firmly jolneaV 
' by its footrpiece to a membrane in the opposite side of thtM, 
cavity. The chain, accordingly, bangs suspended across the 
drum between the two membranes; and when the outer one 
vibrates under the influence of the sound-wave, the chain 
Bwings inward and transmits the vibration to the entrance of 
, the inner ear. 

)8. The musical instrument, the dnim, is not complete if 
the air within be perfectly confined ; we therefore find in all 
instruments of this kind a small opening in the side, through 
which air may pass freely. By this means the pressure of the 
air upon the vellum which forms the head of the drum is made 
equal upon all sides, and the resonance of, the drum remains 
unaffected by the varying density of the atmosjibere. It will, 
therefore, emit its proper sound, whether it be struck in the 
rarefied air of the mouutain-top, or in the condensed air of a 
mine. The tympanum, or drum of the ear, in like manner has 
an opening, by means of which it communicates freely with 
the external air. This opening is a narrow canal, about an 
inch and a half long, called the Eusladiian tube, after the name 
of its discoverer, Eustachius. 

99, The course of this passage is indicated in Pig. 
directed downward and inward ; its other ex.tremity O] 
into the upper part of the throat. The passage itself is 
narily closed, but whenever the act of swallowing or 
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takes place, the orifice in the throat is stretched open, and the 
air of the cavity of the tympamua may then be renewed. Air 
may at will be made to enter through this tube, by closing the 
mouth and uose, and then trying to force air through the latter. 




rm. IS - 


Hmo» 


ur THK Ki,;[iT E* 


■ 


A, The Conohi 

B, Aadllorj' Cm»l 

(the lower hair) 
D. A SiDBll UuMle 


- 


d, SemMreu 
U, Ceuhlea, o 


inyfl 
MiUeC 
Tuba 
rCiml 



When this is done, a distinct crackle or clicking sound is per- 
ceived, due to the movement of the membranes, and of the 
little bones of the ear. 

100. The Eustachian tube serves, also, aa an escape-pipe for 
the fluids which form within the middle ear; and hence, when 
its lining membrane becomes thickened, in consequence of a 
cold or sore throat, and the passage is thus more or leas choked 
up, the fluids are unable to escape rs usual, and therefore 
accumulate within the ear. When this takes place, the vibrar 
tions of the membrane are interfered with ; the sounds heard 
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appear muffled and indistinct; anil a temporary difficulty of 
hearing, which is kno^vn as " throat-deaf neas," ia the result. 
This result resembles the effect produced by interrupting the 
vibrations of a sonorous body, such as all are familiar with ; 
if the finger be placed upon a piano-string or bell when it is 
struck, the proper sound is no longer fully aud clearly emitted. 
But the primary use of this tube is to afford a free communi- 
cation between the middle ear and the external atmosphere, 
and thus secure an equal pressure upon both sides of the mem- 
brane of the drum of the ear, however the density of the atmos- 
phere may vary. If, from undue tension of the membrane, 
pain ia experienced in the ears, when ascending into a rare 
atmosphere, as in a balloon, or descending into a dense one, 
as in a diving-bell, it may be relievetl by repeating the act of 
swallowing, from time to time, in order that the inner and 
outer pressure may thus be promptly equalized. 

101. The Internal Ear, or Labyrinth. — The most essential 
part of the organ of hearing is the distribution of the auditory 
nerve. This ia found within the cavity of the internal ear, 
"which, from its exceedingly winding shajie, has been termed 
the labyrhUh (see Fig. 70, c). This cavity is hollowed out in 
dense bone, and consists of three parts — the vestibule (a), or 
ante-chamber, which is connected with the other two ; the cochr 
lea (b), or snail's shell; and the three smiicircular canals (c). 
The manner in which the nerve of hearing is distributed is 
remarkable, and is peculiar to this nerve. In the vestibule 
and the canals its fibres are spread out over the inner surface, • 
not of the bony cavity, but of a membranous bag, which con- 
forms to and partially fills that cavity, and which floats in it, 
being both filled and surrounded with a clear, limpid fluid. 

103. A siagular addition to the mechanism of hearing is 
observed within this membranous bag of the labyrinth. This 
OODsists of two small oval ear-stones, aud a quantity of fine 
powder of a calcareous nature, which ia called " ear-Aaud^". 
Whea examined under the microscope, tliese sandy ] 
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are seen to lie scattered upon aud among the delicate fiiaments 
of the auditory uerve ; and it is probable that, as the tremidoua 
Boiuid-wave traverses tlie fluid uf the vestibule, the aand rises 
and falls upon the nei-ve-iilaments, and thus intensifias the 
Bonoroua impression. 

103. In the cothlea, or snail'a shell, which contains the 
fluid, but no membrane, the nerve branches upon a spiral 
shelf, which, like the cochlea itself, tates two and a half 
turns, growing continuously smaller as it winds upward. As 
many as thi'ee thousand nerve-fibres of different lengths have 
been counted therein; these, it lias been thought, form the 
grand, yet minutely small key-board, upon which strike all the 
musical tones that are destined to be conveyed to the brain. 
The vestibule, it ia also supposed, takes notice of noise as 
distinguished, from musical sounds; while the office of the 
semicircular canals is, in part at least, to [irevent internal 
echoes, oi reverberations. 

104. The vestibule eommunieatea with the chain of bones of 
the middle eat by means of a small opening, called the "oval 
window," OY fenestra owdia. Across this window is stretched 
the membrane, which has already been alluded to bs being 
joined to the stirrup-bone of the middle ear. Through this 
window, then, the sound-wave, which traverses the external 
and middle ear, arrives at last at the labyrinth. The limpid 
fluid which tbe latter contains, and which bathes the terminal 
Sbi'es of the nerve of hearing, is thus agitated, the nerve-fibree 
ai8 excited, and a soaorous impression is conducted to the 
facain, or, as ^ve say, a sound is beard. 

UtS. Piotection of the Sense of Hearing. — From what has 
been seen of the complicateil i^aits which coniiKJse the organ of 
hearing, it is evident that while many of them possess an 
exquisite delicacy of stnictare, Natiii* has well and. amply 
provided for their protection. We have observed tie concealed 
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sitnation of the most important parts of the mechanism of th? 
ear — the length of its cavity, its partitions, the hardness of 
its walla, and its comnmuication with the atmosphere ; all 
these provisions rendering unnecessary any supervision or care 
on our part in reference to the interior of the ear. But in 
respect to its external parts, which are under our control and 
within the reach of harm, it is otherwise. We may both 
observe the dangers which threaten them, and learn the means 
necessary to protect them. 

106. Caution, — One source of danger to the hearing consists 
in lowering the temperature of the ear, especially by the intro- 
duction of cold water into the auditory canal. Every one is 
familiar with the unpleasant sensation of distension, and the 
confusion of sounds which accompany the filling of the ear 
with water when bathing: the weight of the water within it 
really distends the membrane, and the cold chills the adjacent 
sensitive parts. It is not surprising, therefore, that the fre- 
quent inti'oduction of cold water, and its continued presence in 
the ear, enfeebles the sense of hearing. Care should be taken 
to remove water from the ear after bathing, by holding the 
head on one side, and, at the same time, .slightly expanding 
the outer orifice, so that the fluid may run out. For a like 
reason, the hair about the ears should not be allowed to remain 
wet, but should be thoroughly dried as soon as possible. 

107. It may be stated as a general nde, to which there are 
but few exceptions, that no cold liquid should ever be allowed 
to enter the ear. When a wash or injection is rendered neces- 
sary, it should always be warmed before use. The introduction 
of cold air is likewise hurtful, especially when it pours through 
a crevice directly into the ear, as it may often do through the 
broken or partially closed window of a car. The avoidance of 
this evil gives rise to another almost as great, namely, the 
introduction of cotton or other soft substances into the ear to 
prevent it from " catching cold." This kind of protection 
tends to make the part unnaturally susceptible to changes of 
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temperature, and its security seems to demand the continued 
presence of the "warm" covering. Jis a consequence of its 
presence, sounds are not naturally conveyed, and the aensitive- 
nesB of the nerve of hearing ia gradually impaired. 

108. The chief source of injury, however, to the ear is 
from the introduction of solid substances into the auditory 
canal, with the design of removing insects or other foreign 
objects that have found their way into the ear, or with the 
design of scraping out the ear-wax. For displacing a foreign 
object, it is usu^ly sufBcient to syringe the ear gently with 
warm water, the head being ao held that the fluid easily 
escapes. If a live insect has gained entrance to the ear, it 
may first be suffocated by pouring a little oil upon it, and 
afterward removed by syringing the ear as just mentioned. 

109. The removal of ear-wax is generally unnecessary ; for, 
as we have before seen, Nature provides that the excess of it 
shall become dry, and then spontaneously fall out in the form 
of fine scales. The danger from the introduction of solid 
implements into the outer ear is chiefly found in the fact that 
the membrane which lies at the bottom of it is very fragile, 
and that any injury of it is liable to impair permanently the 
hearing of the injured ear. 

110. How Alcohol affects the Special Senses. — The narcotic 
or benumbing influence of alcohol is felt by all forma of ner- 
vous tissue, and among them the nerves of special sense. Vision 
ia more susceptible of injury by this poison than any of the 
other senses, and it may be either slightly impaired or wholly 
lost. There is, in auch cases, a progressive loss of power in 
the optic nerve that can only be remedied by a perpetual 
abandonment, on the part of the sufferer, of alcoholic drink ; 
and even this must not be delayed too long after dimness of 
sight has commenced, 

111. Alcohol and Color-Bllndness, — Progressive loss of 
oolor-perception has been noticed by physicians in persons 
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Vfha use liquor halritually, though not to the CKtent ra^ 
cation. This form of gradually growing "color-blindness" 
becomes a. matter of highest impoctanue, aiuoe it may ooctu 
1 railroad engineer, or pilot, who drinks, or in the case of 
some ofdcial responsible for the lives and limbs of travelers by 
No persons who indulge in alcoholic beverages oiui 
safely be allowed to occupy trusts of this nature. 

113. Effect of Alcohol on Other Senses. — Hearing and taste 
ire dulled by aleobol. Touch ia indirectly robbed of its 
efficiency in a certain proportion of cases, where a tremor of 
the muscles of the arm, or the " palsy of dnmkards," occurs. 
a penmanship or drawing, and the use of keen-edged tools, 
depend upon a delicate employmeat of touch ; but with a Liuid 
that shakes like the palsied limb ai an aged man, this becomee 
an impossibility. In this way h»s alcohol deprived many a 
man of the means of his livelihood. This is said to be spe- 
cially true of those who belong to the class of topers who 
drink little and often. (Bend iVofe 13,pape 338.) 

lis. False Apparittons due to Alcohol — Delirium Tremens. — 
In certain diseasea the eyes appear to see objects that do not 
1 reality'exist within their view. High fever is one of these 
iseases ; delirium tremens, or " the horrors," experienced by 
some hard drinkers, is another. The latter CTMidition is marked 
by a variety of terrifying and loathsome creatures; if there 
be any form of reptile that is especially repulsive to the 
delirious person, this is the form that is most liable to haunt 
him. These false images may be diiuly seen at first, but as 
the disease progresses they generally beoome perfectly distinct, 
and real, and tortiiring; nuiny a victim has thrown ttimsetf 
down from a window, regardless of its heij^t, in his eager 
haste to escape from his unreal visions. Alanning sounds, also^ 
ire heard in some cases of this disorder. 

114. The Effect of Tobacco upon Vision. — OcuGsts are nearly 
unaniinous in the opiuiun that imiiairment of sight and even 
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Its utter loas may result from tobacco smoking, the optic nerve 
btiiug gradually impaired, aa in the case of those who lose their 
sight by alcoholj as described in the foregoing paragraph of 
this Chapter, Section 100. There is a relief for tliia approitch- 
iiig blindness if the patient will consent to wholly abstain from 
tobacco j anil yet, " there are those ■who would rather smoke 
than seoj" and persist In the injiirioua habit in spite of every 
proper medical caution. 

115. Certain narcotic substances have an injurious influence 
over the sense of hearing ; among these are tobacco Mid coffee 
used in excess. The opium hahit is injurious to the sense of 
sight. 
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Internal — tanm Ibe eyeball in- 

icards. 
Svperior -~ turns the eyebull 
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InfariiT ^lurm ihe pjeball oul- 
marcis mid iipieards 
r Lnchrymal BJuiiri — in the upper and outer part 

of tlie orbit. 
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I r Codslant. 
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A circular perfnrated 

Aperture called the 
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, Nor™ 
1 Conne 
Situated just behind the iris. 
Doable convei. Elastic. 
Bank snrf ace more convex than the fnmt. 
Envloaed in a capsule. 
Held by the saapei^orn ligament at Its di 

ference. 

Ligament relaxed by the contraction of tlie 
ciliary miMuIe. 

) Between the irii and tJia omiiea. 
' Containsa watery fluid. 

(InclndeH the greater p>irlion of 
the ball. 
Contains a transparent jelly-like 
BubBtaoce. 
rnera obiciira or darle ehnmber. 
converge as tbay enter the cornea. 
increaHed by the lem. 
Liiai-e (inverted) falls on the 
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Aqueous , 



Vitieous . 
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Blind spot . 

Tellow spot 



I Corn 






glaBBBI. 
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I Heniedy— wear cnnofx glasses. 
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J spot. 

I Marked by a slight depression, 
1 Most sensitive part of the retina. 
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Cftrtila^pDD 
Fatty tiaau 
,„. Miiacles. 
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Cansl J *^'<*^ internally by the drum, 

' ' ' " I Glanda — secrete "loai,^' 
1 Hairs — directed ontwarda. 
r Ao irregular eaylty in tlie temporal bone. 

Bonea . . . . \ Incus. 



I Openlnga . 



Hembranous 
. labyrinth 



Fenestra ouaJit — closed by the 



Veatibuie l^r'^'J™"'""- 
' fenestra ovahs. 

j Throe lu iinmher. 
Canals . . < Open into the testi- 



Cochlea . 



2k turns rounil the 

[ Fenestra rotnndB. 
WithJQ the osBsous. 
Similar In shape. 
Surroanded hj perilymph. 
CimlainH endoiympk. 
Ololitha and hair-lilte proceasas. 
Terminal fibres ol auditory nerve. 



QUESTIONS FOR TOPICAL REVIEW 

.. What is said of Che production o! aensation? 2ti4, StilS 

\. What is said of the variety of sensation? 369 

': What Is aald of the general sensibility? 36G 

:. What Is said of the sensation of pain? 267 

., What la said of the uaea of paln7 267-369 

:. Say what you can of the special sanaation 269-271 

'. Say nhatyoQ can ut the organs of touch 271, Z73 

:. Say what you can of the sanite of touch 272-773 

I. Say what you can of thu delicacy ot touch 274, 37H 

I. What la underatood of tbc acnsntiona of temperature and weight 7. 2TS, OT6 

. What la niidoratuod by the organ of taste? 276,277 

:. What ia understood by the sense of taste? 277,278 

I. What Is understood by the relations of taats 279. 280 

> Explain the influence of education, etc 280 

i. Eiplahi the sense of smeU 2ao.28,L 
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16. Explain the nerve of smell 281, 282 

17. Explain the uses of the sense of smell 282-284 

18. Explain the sense of sight 285, 286 

19. Give the statement concerning light and the optic nerve 286, 287 

20. Give the statement concerning the organ of sight 287, 288 

21. Give the statement concerning the orbits 288 

22. Give the statement concerning the eyelids 288, 289 

23. Give the statement concerning the lachrymal tlviid 290, 291 

24. Give the statement concerning the eyeball 2i)l-293 

25. Give the statement concerning the iris 2i)3-295 

26. Give the statement concerning the retina 295-298 

27. Give the statement concerning the crystalline lens 298, 299 

28. What are the uses of the lens? 299-301 

29. What about long and short sight ? 301, 302 

30. Explain the function of accommodation 302, 303 

31. Explain old sight or presbyopia 304 

32. Explain hearing and sound 305-^307 

33. Explain the external ear 307, 308 

34. Explain the middle ear 308-509 

35. Explain the internal ear 312, 313 

3(). What is said of the protection of the sense of hearing? 313, 314 

37. What caution is given? 314, 315 

38. How does alcohol affect the special senses ? 315, 316 

39. How does alcohol affect hearing, taste, and touch? 316 

40. Effect of tobacco upon vision ? 316, 317 



CHAPTER XI 

THE VOICE 

Voice and Speei^k — The LaTynx, or the Organ of the Voice — TTte, Vocal 
Cords — The Laryngoscope — The Production of the Voice — The Use 
of the Tongue— The Different Varieties of Voice — The Change of 
Voice — Us Compass — Piiriig of Tone — Ventriloquy 

1. Voice and Speech. ^ In common with the majority of the 
nohier animals, man poaseBBes the power of uttering Bounds, 
which are employed as a nnjans of communication and expres- 
sion, la man these sounds constitute the voice ; in the animals 
they are designated as the cry. The song of the bird is a 
modification of its cry, which is rendered possible from the fact 
that its reapiratory function ia remarkably active. The sounds 
of the animals are generally produced by means of ttieir 
breathing organs. Among the insects, they are sometimes 
produced by the extremely rapid vibrations of the wings in 
the act of flight, as in the case of the mosr[nito; or by the 
rubbing together of -hard portions of the external covering of 
the body, as in the cricket. Almost all kinds of marine ani- 
mals are voiceless. The tambonr-fiah and a few others have, 
however, the power of making a sort of noise in the water. 
{Bead Note 1.) 

2. But man alone possesses the faculty of speech, or the 
power to use articulate soutids in the expression of ideas, and 

1. Voice in Man and Animals. — " The hiuuan voice, uHng male 
and female together, lias a range of nearly four ootavea. Man'a power 
of Bpeech, or the iittetance of srticulaW sounds, is due to bis intel- 
lectual development more than to any great structural differencB between 
him and tha Apes. Song is produced by the glottis, speecli by the 
month. The parrot and mocking-bird use tlio tongue in imltatlog 
human sounds."^ Orton'n Zoniogy. 

- Wttft i> alated of tha Idiot r rairatt 
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in the commumcation of miud with mind. Speech is thua an 
evidence of the supei'ior endowment of man, and involves the 
culture of the intellect. An idiot, while he may have complete 
vocal organs and full power of uttering sounds or cries, is 
entirely incapable of speech ; and, as a rule, the excellence of 
the language of any people will be found to be proportional to 
their development of brain. Man, however, is not the only 
being that has the power to form articulate sounds, for the 
parrot and the raven may also be taught to speak by rote ; but 
man alone attaches meaning to the words and phrases be 
employs. 

3. Kelation to Hearing. — Speech is intimately related to the 
sense of hearing. A child born deaf is, of necessity, dumb 
also ; not because the organs of speech are imperfect, for he 
can utter cries and may be taught to speak, and even to coa- 
rse in a rude aud harsh kind of langu^e; but because he 
[I form no accurate notion of sound. A person, whose hear- 
ing is not delicate, or as it is commonly expressed, who "has 
no ear for music," cannot sing correctly, A person who has 
impaired hearing commonly talks in an unnaturally loud and 
monotonous voice. These examples show the necessary rela- 
tion of intelligence and the sense of hearing with that form of 
atticnlate voice which ia termed speech. {Bead Noie 2.) 

9. Certain Pecnliaiitiea of the Voice. — " Voice is a Bound produced 
In the throat by the passage iii the air through the glottis, aa it Is expelled 
from the Inogs. It is grave and strong In man, eoft and higher in women ; 
it varies according to age. It is alike In both aexes In iofancy , but Is 
modified in youth ; tlien the voice ia said to 'change.' In tlie young 
woman it descends a note or two and becoDiea strouger. In the young 
man the change ia much more strongly marked. At the fourteenth or 
fifteenth year the voice loses its regularity, becomes harsh and unequal ; 
the high notes cannot be sounded, while the grave ones make their 
appearance. A year ia generally sufficient for ihU change to be complete, 
and the voice of the child gives place to that of the man. Exercise of the 
yoice in singing should be very moderate, if not entirely suspended, while 
Ibis changH ia going on. Voice is divided into sin^g and speaking 
voice. One differs from the olher almost as much as noises do from 
musical soundH. It is the slinrt du^vtion of speaking sounds which dio- 
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4- Tbe Otgan of the Voice. — The essential organ of the voice 
is the Ijiiryiix. Tliia has been previously alhidod to in its 
relation to the fuui^tion of respiration ; ami, in the chapter on 
that subject, are fignred the front view of that organ (Fig. 48), 
aaid its connection with the trachea, tongue, and other neigh- 
boring parts (Fig. SI). Ifc is situated at the upper part of the 
neck, at the top of the trachea, or tube by which air passes 
into and out of the lungs. "The framework of the laiynic is 
composed of four cartilages, which reader it at once very 
strong and sufficiently flexible to enable it to move according 
to the requirements of the voice. 

5. The iiamea of the cartilages are (1) the thyroid, which is 
a broad, thin plate, bent in the middle and placed in the 
central line of the front part of the neck, where it is known 
as the pomum Adami, or Adam's apple (Fig. 73, b), and where 
it may be felt moving up and down with each act of swallow- 
ing; (2) the cricoid, which ia shaped like a seal ring, with the 

tjognifihes tbem from those of siiiglug. This is proved by the facl that If 
we prolojig the intonation of a syllable, or utter it like a note, the musical 
sound becomes evident And if we pronounce all the syllables of a phrase 
in Uie saiue tone, the speaking voice closely resembles psalm-singing. 
Every one must have noticed this in hearing school-hoys recite or read in 
a, monotone, and the analogy is complete when the last two or three 
syllables are pronounced in a diSerent loue. Spoken voice is moreover 
aJways a chant more or less marked, according to the individual and the 
sentiment expressed. The accentuation peculiar to certain languages also 
giies the speech tlte character of a chant; to a French ear an Italian 
preacher seems always to sing. A chant also la caused by those inflec- 
tions of the voice, which express our emotions and our passions. They 
extend from the feeble murmur, which the car scarcely perceives, to the 
piercing cry of pain. AftecUonale, sympathetic, imperious, or hostile, 
they sometimes charm, aometltnos irritate, and always move us. It 
is relaled of (ir6try, that he amused himself by ' noting as exactly as 
possible the ' Bonjour, monsieur I ' of the persons who visited him ; and 
these words expressed by their intonatiou, in fact, the most opposite 
sentiments, although literally the same. Baron, the comedian, moved 
his audience to tears by bis recitation of the stanzas of the song, ■ Si le 
Toi ta'tvail donnf Paris sa grand'vUle ' — ' If the king had given me Paris 
his great oily.' " ~ Le Fileur on Wonders of the Stimaa Body. 
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broad part placed posteriorly (Fig. 73, e). At the -top rf tl 

oid cartilage are situated the two small arytenoid cartilages, 
the right one of which is shown in Fig. 73, c. These latter 
little organs are much more movahle than the other two, and 
are very important in the production of the voice. They have 
a true ball-and-socket joint, and several small muscles which 
contract and i-elax with as perfect regularity and accuracy aa 
any of the larger muaclea of the body. 

6._ The iuterior of the larynx is lined with a very sensitive 
mucous membrane, which is much more 
;ly adherent to the parts beneath 
tliaii ia usually the case witli membranes 
of this description. The epiglottis (a), 
consisting of a single leaf-shaped piece 
of cartilage, is attached to the front part 
of the larynx. It is elastic, easily moved, 
and fits accurately over the entrance to 
the air-passages below it. Its ofdne ia 
to guard these delicate passages and the 
lungs against the intrusion of food and 
other foreign articles, when the act of 
swallowing takes place. It also assists 
in modifying the voice. 

The Vocal Cords. — "Within the 
larynx, and stretched across it from the 
thyroid cartUage in front to the ary- 
tenoid cartilages behind, are placed the 
two sets of folds called the vocal corda. 
The upper of these, one on each side, 
are the false cords, which are compara- ' 
lively fixed and inflexible. These are t 
not at all essential to the formation of j 
vocal sounds, for they liave been injured, r. j 

I those lower animals whose larynx 
resembles that of man, without materially affecting their 
characteristic cries. Below these, one on each side, are the 

a. Lining or IhBlntertiirur the lirvTii? Th.. BpiglnltU ( 

I. Wti«» ue ths TDoal Durds t Tlui Iklie cords t The tiiMOOidlt 
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two vocal cords (Fig'. 73, f), which pursue a similar direction 
to the false cords — namely, from before backward. They are 
composed of a highly elastic, though strong tissue, and are 
covered with a thin, tightly fitting layer of mucous membrane. 
Their edges are smooth and shai'ply defined, and when they 
meet, as they do in the formation of sounds, they exactly 
match each other. 

8. Between the true and false vocal cords is a depression on 
each aide, which is termed the ventricle of the larynx (Fig. 
73, d). The integrity of these two cords, and their free vibra- 
tion, are essential to the formation of the tones and the modu- 
lation of the natural voice. This is shown by the fact that, if 
one or both of these cords are injured or become diseased, 
voice and speech are weakened; or when the mucous mem- 
brane covering them becomes thickened, in consequence of a 
cold, the vocal sonnds are rendered husky and indistinct. 
When an opening is made in the throat below the cords — as 
not infrequently occurs in consequence of an attempt to com- 
mit suicide — voice is impossible except when the opening ia 
closed by external pressure. 

9. The interval or spaee between the true cords of the voice is 
eonstantly varying, not only when their vocal function is in ex- 
ercise, bnt also during the act 
of respiration. Every time 
the luuga are infiated, the 
space increases to make wide 
the entrance for the air, and 
diminishes slightly during ex- 
piration. So that these little 
cords move gently to and fro 
in rhythm with the expansion 
and contraction of the chest 
in breathing. These move- 
ments and others may be 
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mirror attached to a long handle be placed back into the 
upper part of the throat; the haniUe near the mirror must 
be bent at an angle of 45°, ao that we may look " around 
the corner," ao to speak, behind the tongue. The position 
which the mirror must assume will be understood by refer- 
B in Fig. 61. A view of what may be seen under favor- 
) circumstances, during tranquil inspiration, ia represented 
in Fig, 74. The vocal cords are there shown as narrow, 
white bands, on each aide of the central opening, and since 
the image is inverted, the epiglottis appears uppermost. The 
rings partly seen through the opening belong to the trachea. 
Thia little mirror ia the essential part of an instrument, which 
is called the laryngoscope, and simple as it may seem, it is 
accounted one of the most valuable of the recently -in vented 
appliances of the medical art. 

10. The Production of the Voice. — During ordinary tranquil 
breathing, no sound ia produced in the larynx, true vocai tones 
g formed only during forcible expiration, when, by an 



k 



Fio. Jfi. — T™ Difpebrkt Positions or Tm TooiL ( 
A, The position daring Lnsplradon. B. In the formfllfon of low DDtet. 
or higb notes 

effort of the will, the cords are brought close together, and are 
stretched so as to be very tense. The space between them ia 
then reduced to a narrow slit, at times not more than ^^ of 
an inch in width; and the column of expired air being forced 
through it cauaea the cords to vibrate rapidly, like the strings 
of a musical inatnmient. Thus the voice ia produced in its 
many varieties of tone and pitch; its intensity, or loudness, 
depending chiefly upon the power exerted in expelling the £ur 

ID. Tli« tumukUon or trua iwal tones t 



THE VOICE 327 

from the lungs. When the note is high, the space is liimiii- 
iahed hoth in length and width ; but wiieu it is low, the sjiace 
is widv.'" and longer (Fig. 75, a, c), and the number of vibi'Or 
tioQS is feive"' within the same period of time. 

11. The personal quality of thevoicej or that which enables 
us to recognize a person by his speech, is mainly due to the 
peculiar shape of the throat, nose, and mouth, and the reso- 
nance of the air contained within those cavities. The walla of 
the chest and the trachea take part in the resonance of the 
voice, the air within theiu vibrating at the same time with 
the parts above them. This may be tested by touching the 
throat or breast-bone, when a strong vocal effort ia made. The 
teeth and the lips also are important, as is shown by the 
unnatural tones emitted by a person who has lost the former, 
or by one who is affected with the deformity known as "bare- 
lip." The tongue is useful, but not indispensable to speech; 
the case of a woman ia reported, from whom nearly the whole 
tongue had been torn out, but who could, nevertheless, speak 
distinctly and even sing. 

12, The Varieties of voice are said to be four in number; 
two, the bass and teuor, belonging to the male sex ; and two, 
the contralto or alto, and soprano, peculiar to the female. The 
baritone voice is the name given to a variety intervening 
between the bass and tenor. In man, the voice is strong and 
heavy ; in woman, soft and high. In infancy and early youth, 
the voice is the same in both sexes, being of the soprano 
variety : that of hoys ia both clear and loud, and being sus- 
ceptible of considerable training, is highly prized in the choral 
services of the church and cathedral. At about fourteen years 
of age the voice is said to change — that is, it becomes hoarse 
and unsteady by reason of the rapid growth of the larynx. In 
the case of the girl, the change is not very marked, except 
that the voice becomes stronger and has a wider compass ; but 
in the boy, the larynx neaily doubles its size in a single year, 
the vocal cords grow thicker, longer, and coarser, and the voice 

II. TowhullslhoporaQnaliiUBllly of the mice iniliily duet Wlml iWs kb thera I 
IS. ViuieUeiurialMt TUslurlunoI Tbu vuLoe In sulj' ^Diltb I 
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becomes masculine in character, During the progress of iiiis 
change, the use of the voice in singing is injudioious. 

13. The ordinary range of each of the four varieties of the 
voice is about two ootiives ; but this is exceeded in. the ease of 
several celebrated singers. Madame Parepa Bosa had a com- 
pass of three full octaves. When the vocal organs have been 
subjected. to carefnl training, and ai'e brought under complete 
control of the will, the tension of the cords becomes exact, 
and their vibrations become exceedingly precise and true. 
Under these circumstances the voice is said to possess " purity" 
of tone, and can be heard at a great distance, and above a 
multitude of other sounds. Some years ago the power of a 
pure voice to make itself heard was exemplified in a strik- 
ing manner at a musical festival held in an audience-room of 
extraordinary size ; and amid an orchestra of a thousand instru- 
ments and a chorus of twelve thousand voices, the artist named 
above also sang ; yet such was the purity and strength of her 
voice that ite notes could be clearly heard rising above the 
vasb waves of sound produced by the full accompaniment of 
chorus and orchestra, (flend Note 3.) 



1. The Benefits of Vocal Bserciso. — " Reading aloud and recitation 

more uxefu! and invigorating mnsical ezerciaes llian is generally imag- 
ined, at least when managed willi due regard to the natural powers of the 
individual, bo as to avoid effort and. fatigue. Both require the varied 
activity of moat of the muHclea of the trunlc to a degree of which few are 

icious, till their attention Is tnrned to it. In forming and undulating 
the voice, not only the chest, but also the diaphragm and abdominal 
muBcles are in constant action, and communicate to the stomacb and 
bowels a healthy and agreeable stimulus ; and cnnaequeutly, where the 

« is raised and elocution rapid, as In many kinds of public speaking, 
the muscular effort comes to be even more fatiguing tiian the mental. 
Wlien care is taken, however, nr.t to carry reading aioud .so far at one 
t[me as to excite the least sensation of soreness or fatigae in the chest, 
and it Is duly repeated, iC is extremely useful in developing and giving 
tone to the organs of respiration, and to the general systsm. To the 
Invigorating effects of this kind of eTercise, tlie celebrated Cuvier was in 
the babit of ascrjbing his own exemption from consumption, to which, at 
the time of hia appointment to a professorship, it was believed he would 
otherwise have fallen a sacrifice. The exercise of lecturing gradually 
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14. In ttie production of the articulate sounda of speech, 
the larynx is not directly concerned, but those sonnds really 
depend upon alterations in the shape of the air-passages above 
that organ. That speech is not necessarily due to the action of 
the larynx is proved by the following simple esperiment. Let 
an elastic tube be passed thiough the nostril to the back of the 
mouth. Then, while the breath is held, cause the tongue, teeth, 
and lips to go through the foim of pionounciuy words, and, at 
the same time, let a second peibon blow tlirough the tube into 
the mouth. Speech, pure and simple, or, in other words, a 
whisper is produced. Still fui-ther continue the experiment, 
while permitting vocal sounds to be made, and there will be 
produced a loud and whispering speech at the same moment ; 
thus showing that voice and speech are the result of two dis- 
tinct acta. Sighing, in like manner, is produced in the mouth 
and throat; if, however, a vocal sound be added, the sigh is 
changed into a groan. 

15. Ventriloquism is a peculiar modiiication of natural 
speech, which consists in so managing the voice that words 
and sounds appeal' to issue, not from the person, but from 
some distant place, as from the chimney, the cellar, or the 
interior of a chest. The original meaning of the word ventril- 
oquism (that is, speaking from the belly) indicates the early 
belief that this mode of speech was dependent upon the 
possession and use of some sjiecial organ besides the larynx 
and mouth; but at the present time it is known that it is 
produced by these organs alone, and that the sources of decep- 
tion consist, on the part of the performer, in the dexterous 
management of the voice, together with a talent for mimicry ; 
and, on the part of the auditory, in the liability of the sense 
of hearing to error in respect to the direction of sounds. The 

streDgLbeocd his lungs aad improved bis healtli so much that he waa Dcvcr 
afterward threatened with any seriouE pulmonary diaeaae. But, of cuurse, 
this happy result followed becauae the exertion of lecturing waa cot too 
great for the then eziating condition of his lungs." — Combs's Fhyaiologs. 

14. Tho production 
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Tentriloqiust not only aeems to " throw hia voice," as it is said, 

r simulates the sound lis it usually appears at a distance with 
but little motion of the lips and face, but he imitates the voices 
of an infant and of a feeble old man, of a diTiukeu man dis- 
puting with an exasperated wife, the broken language of a 
foreigner, the cry of an animal in distress, demonstrating that 
the performer must be proficient in the art of mimicry. Ven- 
triloquism was known to the ancient Romans and Greeks ; and 
it is thought that the mysterious responses that were said to 
issue from the sacred trees and shrines of the oracles at 
Dodona and Delphi were really uttered by priests who had 
the power of producing tliis form of speech. (_EeadIfotesiand5.} 

. ImproTement of CODveisation by Voc«l Training. — " For yeais 
I had fallen into a low, dranliD^, lazy tone of voice In my ordinary oon- 
Ltion ; my utterance came forth in a cloud, and had its dweUing there. 
From divers experiments and observations I had long ago assured myself 
this was a capital defect ; but this assurance bad brought with it no 
retonn. Now, at last, I attempted it in good eanieat. I studied to bring 
myself out of my listlessness, to acquire a rapid, dialjnot, and articulate 
enunciation. No man can miss this aciiuiaitlon unleaa from some organic 
infirmity, provided only tbat he pursae it steadily and earnestly. I em- 
ployed a variety of exercises for the voice, as recitation, the frequent 
repetilioii of the same passage, slowly at first, and then more quickly, up 
to :iiy highest pitch of rapidity, the pronunciation of foreign languages, — 
Greeli for the sake of fullnesa, and French for distinctness and despatch. 
As a result, I became comparatively a clear and satisfactory speaker ; and 
a my talk was more distinct my thoughts were all the more pointed and 
precise. I acquired an evenness of tone, a confidence, a complacency ; 
my conversation, as the French say of their language, went of itself ; I 
had leisure to look chiefly to my direction, to march on to my object." — 
Self- Formation, by Capel Lofft. 

S. VentrUoquism and Sound-Pslnting. — " Ventriloquism bears the 
same relation to other plienotnena of sound tbat perspective does tA 
optical phenomena. The art of perspective consists in portraying upon a 
fiat surface tlie appearance of objects at a distance from it, so that the 
same eHect shall be produced upon the eye by Uie picture as would be 
produced by the objects themselves. In order to do this, the forra, tlnU, 
and shades are reproduced, not as they really are, but as they are modified 
by position and distance. Or It may be said to consist in making and 
arranging a group of objects so that when viw)ed at a given distance they 
shall produce the same optical elTect produced by another set of objects 
arranged in diflorent positions and at different distances. 

" Ventriloquism consists in making and arranging sounds ao that wheo 
heard at a given distance they shall produce the same effect upon tlu 
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that amthet set of aonnda produce arranged In different poBltioim aod aX 
dIBerent dietanceB. 

" Sounds from a distance are of coarse weakened, and they also have 
Brnother quality which may be compared to the Indlsiinctneas of outline 
In objeotB seen at a distance. In proportion as the flne ear of the Ten- 
triloqulat can appreciate these modifications m\\ be his success in imitating 
distant sounds. For as to see correctly is the first essential to success in 
drawing, so Is heating correctly the first essential in ventriloquism. 

" There are many sounds wliich cannot be imitaWd by voice merely, 
such as the singing of blrdn, the strident noise of a saw, the whistling of 
a plane, etc. Such and similar unmusical sounds are imitated by means 
of the teeth, the lips, or the soft pnrts of the mouth. Thus, the noise of 
a saw is lilie that produced by hawking, only much prolonged, and modi- 
fled by the cheelisi singing of birds may be imitated by whistling through 
Uia teeth ; the foaming of soda-water by Ijrealhing with open lips into a 
tumbler, etc. To persons having a fine ear this amusing art is not difficult, 
e applied to it. It ought to be called lound- 
painting." 
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TOPICAL OUTLINE 



The upper cartilage. 

Wide in front ; open behind, 

A GDDiplete ring of cartilage. 

Wide bDhinii ; narrow in front. 

Small pyramidal. 

Surmount the upper posterior edge of the 

cricoid. 
Jointed with Ihe cricoid. 
The communication between the phatynx and 

the larjfia. 

Dunded on each side by the Kocal conlt. 
A thin movable layer of canllage. 
Closes the glottis during the act of swal- 

Bandfl of elastic fibres. 
Embedded in mucous membrane. 
Relaxed during quiet breathing. 
Stretched during speaking and singing. 
Attached to arylenaid cartilages beUnd, and 
to the thyroid in front. 



QUESTIONS FOR TOPICAL REVIEW 

, What dUtinctlnn is made between speech and voice 7 321 

. What Is said of each ? 321. 322 

. What doi<s speech usually imlicats? 322 

~ is speech related to huaring? 33& 
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5. Name and describe the organ of the voice 323 

6. What other organs are concerned ? 323 

7. What offices have the cartilages? 323, 324 

8. Explain and locate the epiglottis 324 

9. Say what you can of the vocal cords 321-325 

10. State how a cold affects the voice 325 

11. What does the laryngoscope reveal to us ? 326 

12. Upon what does quality of voice depend ? s 327 

13. What change takes place when the voice is raised ? 327, 328 

14. How do the chest and trachea take part ? 327 

16. How the teeth, lips and tongue ? 327 

16. What are the varieties of voice ? 327 

17. What changes take place with age ? 327, 328 

18. Mention the ordinary range of voice and instance an exception 328 

19. What further is said of speech ?. 329 

20. What is ventriloquism ? 329 

21. How produced ? 329 

22. What mysteries does it help to explain ? 330 



CHAPTER XII 

THE USE OF THE MICROSCOPE IM THE STUDY 
OF PHYSIOLOGY 

The Lavs of Tissues — Neeessity of the MieroBCope — Different Mnds of 
Hieroacopea — Additional Apparatus — Prelimiaary Studies — The 
StnJj of Suman Tissues — Tissues of the Inferior Animals — /neen- 
tives to Study 

1. The Law of the Tissues. — The will of an infiuite Creator 
is obeyed by atoms as well as by worlds. He has seen lit to 
commit all the functions of life to structures or tissues so small 
as to be invisible to tlie naked eye. A muscle, for example, as 
we have already learned, is composed of innumerable filaments, 
Tisible only by the aid of the microscope; and the power of 
the muscular mass is but the sum of the contractile power of 
the filaments which enter into its composition. Again, each 
cell of the liver, invisible to unassisted sight, is a secreting 
organ, and the liver performs as much duty as the sum of these 
minute organs renders possible. 

2. The Necessity of the Microscope. — If, therefore, we would 
know the real structure of the human body, we mtiat make use 
of the microscope. Our eyes are constructed for the common 
offices of life, to provide for our wants and guard us from the 
ordinary sources of danger ; but by arming them with letisea, 
the real structure of plants and animals is revealed to our intel- 
ligence ; and enemies, otherwise invisible, that lie in wait in 
the air we breathe, and in our daily food and drink, to destroy 
life, are guarded against. 

1. Tbe will of the Crutgr, I17 vbal obeyed r The pnwuiafamnBcle! Amaautotdutr 
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THE MTCSOSCOPE 

3. Convex LeBus, oi magnifymg glasses, are disks of glass 

or other transparent substances, whicli have the property of 
pieturing upou tlie retina of the eye an image of an object 
larger than the image produced there without their aid. The 
glasses used in luicroacopes are either double convex lenses (a) 
or plano-convex leusea (b). If either of these lenses be placed 
over a hole in the shutter of a darkened room, or over the key- 
hole of a door, and a piece of paper be held at a proper dis- 
tance, a picture of all objects in front of the lens will be thrown 
oil the paper, as in the camera-obscura or the luagic-lantem. 
Now, in the same manner, a lens throws a picture of objects 
to which it is directed on the retina of the eye, and when that . 

Ro. H 

pictnre ia larger than the image made in the eye by tie object 
without the aid of the lens, it is magnified, or the lens has 
served as a microscope, so called from its use in seeing small 
objects, from mikros, small, and skopeo, to see. 

4. Different Kinds of Hlcroscopes. — Microscopes are either 
simple or compound. The glasses of magnifying spectacles, 
like those commonly used by aged persona, are simple micro- 
scopes. Magnifying glasses, mounted in frames, such as are 
for sale by opticians and others for the detection of count-er- 
feit money, are simple microscopes, and are useful in studying 
the coarser structure of plants and animals. 

5. The most powerful simple microscopes are made by melt- 
ing in a flame a thread of spun glass, so as to form a minute 
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globule or bead, whicli, when set in a piece of metal and used 
to esamine objects on a plate of glass held up to the light, 
gives a high magnifying power. In practice, however, it ia 
found better to use several magnifying glasses of moderate 
power than a simple lens alone of high power. A combination 
of two lenses is called a doublet — of three, a triplet. All simi- 
ple microscopes throw an enlarged image of the object upon 
the retina. Compound microseopea are so constructed that the 
enlaiged image of an object is again magnihed by a second 
lens, and hence their magnifying power is vastly superior to 
that of simple microseopea. 

6. The accompanying diagrams will explain the action of 
the compound microscope compared with that of the simple 
microscope. In Fig. 77, which represents the working of the 
simple microscope, the rays from the object (ab), passing 
through the lens (l), form an image (a ft") in the retina of the 
eye (b), and aa all images are inverted in the eye, the object is 
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seen as all other objects are, and appears erect. In Fig. 78 ia 
seen the action of the compound microscope. An inverted 
image (a' b') of the object (a b) is ma^ified by the second lens 
(l'), and an erect image is thrown upon the retina, which, aa 
all other objects seen erect with the naked eye are inverted, 
g^ves to the image a contrary direction, or inverts it to the 
mind. 

7. A Compound Microscope consists of two portions : the 
optical portion, or the lenses, and the mechanical portion, or 
the instrument which bears the lenses. The glasses of a com- 
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pound microscope are two : the obje<fl-glaaa and the lower lens 
of Fig, 78, and the ocular or eye-piece aud the upper piece of 
Pig. 78, Both the objectrglasa and the eye-piece may, and 
usually do, consist of more than one lens, lor, as has been pre- 
rioualy mentioned, better reaidts are obtained by a combina- 
tion of lenses of moderate power than by 
single lenses of high power and great ciirva^ 
ture. 

How to Choose and Use a Microacope. — 
No attractiveness in the mechanical pavt of 
a microscope can compensate for inferior 
lenses ; and the very first consideration in 
the choice of an instrument should be the 
excellence of the optical part of the instru- 
ment. In the use of the instrument, care 
should be exercised to keep the lenses clean, 
free from dust, not to press the object-glass 
upon the object under obseryation, and not 

o wet it in the water in which most objects 

.re examined. A good mi<;roacope requires 
its own table ; and when not in use, should 
be covered by a bell glass, or a clean linen 
cloth. 

. The mechanical portion of the instru- 
ment varies greatly in different instruments. 
That one is the best which is the simplest, 
the most solid and most easily managed. 
Most objects in hiunan anatomy are exam- 
ined in water or in other liquids, or they are 
naelves liquids ; hence an oblique stage 
is often inconvenient. 



10. Additional Apparatus. — As almost all 
objects in human anatomy are examined by 
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rOr beneath the stage through the object to the eye, they must 
be placed upon strips of clear glaas about three Inches long 
and one inch wide, commonly called " slides." These should 
be procured with the miproscope. Again, most objects seen 
with high powers require to be covered with a thin plate of 
glaas, very properly called a "cover," that the moisture of the 
specimen may not tarnish the object-glass. Square or circular 
covers of very thin glass are therefore provided; and a good 
supply of these should be always on hand. These glasses 
should be kept in a covered dish filled with a mixture of alco- 
hol and water. Simple water will not remove the fatty matter 
which exists in all animal tissues, and, therefore, the glasses 
cannot be thoroughly cleaned with it alone. 

11. When glasses are required for use, they should be 
removed from the hquid and wiped clean and dry with a soft 
linen handterchief. Delicate knives, scissors, needles mounted 
in handles, forceps, pipettes or little tubes for taking up water, 
should be obtained; these are essential to all microscopical 
study. The table should be supplied with glass-stoppered 
bottles containing the various liquids ordinarily used in the 
study of physiology. Thus, tincture of iodine is indispensable 
in studying vegetable structure, acetic acid in the study of 
animal tissues ; and other articles will have to be added from 
time to time, as your progress in study demands them. 

18. Preliminary Studies. — In order to prepare the way for 
the study of any department of science with the aid of the 
microscope — for the microscope is but an eye, and can be 
turned in almost any direction for purposes of investigation 
— it is necessary to become acquainted with the many objects 
which are liable to complicate the examination of particular 
structures. Hoth air and water are full of floating bodies, 
and the most common of these should first occupy the atten- 
tion. In the city, particles of starch are always floating in the 
air. Take a very minute portion of wheat flour, place it in the 
middle of a clean glass " slide," drop upon it a drop of pure 
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water, cover it with a plate of thin glass, and examine it with 
a power of from one hundred to sis hundred diameters. It 
will be found to be composed of minute grains or granules, the 
largest of which are made up of coatis or layers, like aa onion, 
arranged around a central spot called the hilum.. 

13. Make another preparation in the same mauner, and, 
after adding the water and before covering with the thin glass 
cover, add a small drop of a solution of iodine. How, upon 
examining the specimen, every grain will be seen to be of a 
beautiful deep blue color. After thus studying wheat starch, 
the starch of Indian corn, of arrow-root, and of various grains, 
should be examined in like mfinner, and their resemblances 
and differences noted. The granules of potato-starch are as 
distinctly marked as any. 

14. Fibres of cotton, lint, and wool are liable to be found in 
every specimen prepared for microscopical examination. In 
order to study these, any cotton, woollen, or linen fabric 
or garment, may be scraped, and the scrapings placed on 
a piece of glass moistened with water, covered with the thin 
glass plate or cover as before, and examined with the same 
magnifying power, namely, from one hundred to six hun- 
dred diameters. Vegetable hairs or down are constantly 
floating in air and water. These are of very various forms, 
are simple or grouped, and form very interesting objects of 
study. They are readily procured from the epidermis or outer 
membrane of the leaves or stems of plants, by cutting with a 
delicate knife. 

15. The tissues of plants, epidermis, ducts, and woody fibres 
are constantly found in microscopic preparations. They may 
be studied in delicate sections made with a sharp knife, or by 
tearing vegetable tissues apart with needles. The down of 
moths, the hairs of different animals, the fibres of paper, the 
moat common animalcules in water, the dust of shelves, and 
generally the structures found in all vegetalile and animal snb- 
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. stances by which we are surrounded, should be studied as a 
preliminary to any apecial line of microscopical investigation. 

16. The Study of Human TisBuea. — When this has been done 
and familiarity with the nse of the instrument has been ob- 
tained, proceed to the study of the human body, for human 
physiology is ouc subject. If the end of the finger be pricked 
with a pin, a drop of blood may be procured for examination. 
Place this on one of the glass slides, cover it with a thin piece 
of glass, press down the cover so as to make a thin layer, and 
then examine with the magnifying power just mentioned. Do 

■ not add water, for that will cause the blood corpuscles to dis- 
appear. If the drop of blood is placed under 'the microscope 
at once after being drawn from the finger, most interesting 
phenomena will be observed. The red corpuscles will be seen 
to arrange themselves in rows, like piles of coin, while the 
blood is coagulating. The spherical, white corpuscles will be 
left out of the rows of red discs, and, if the highest power be 
used, will be seen to change their shape constantly. 

17. If you scrape with a dull knife the inside of the cheek, 
the flattened scales of " pavement epithelium," or of the 
insensible covering which, analogous to the scarf-skin on the 
outer surface of the body, lines the cavities of its interior, 
may be readily studied. They have the appearance of trans- 
parent tiles, each enclosing a round or oval body, called its 
nucleus. Dandruff and the scrapings from the skin of the 
body are composed of scales like those of the mouth, but they 
differ somewhat in being hardened by horny matter, and in 
having a very faint central body or nucleus. 

18. The Tiesuea of the Inferior Animals. — Tlie warm-blooded 
animals do not differ in the tissues or microscopic structures 
that compose them, but only in the amount and aiTangement 
of these tissues. Milne-Edwards says these tissues " do not 
differ much in different animals, but their mode of association 
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varies, and it is chiefly by reason of the dift'ereaces in the o 
bination of these associations in various degrees, that each 
ajjecies posseaaea tlie auatumical properties and chai"!icter3 
which are peculiar to it" 

19. Hence the butcher's stall will' furnish ajl the materials 
for the study of the microscopic tissuea. The structure of the 
heart, lungs, liver, brain, and muscle, may all he studied, and 
well studied, by using minute pieces of the flesh of the lower 
animals, especially of the quadrupeds. Such portions of these 
animals as are not exposed for siile can be readily obtained by 
order from the slaughter-house. To examine with the jKiwers 
of which we have been speaking, it is only necessary to cut oft 
exceedingly small pieces, tear them apart with needles, or make 
very delicate sections with a sharp knife. 

80. Incentives to Study. — A complete, knowledge of all 
minute structures is not to be expected at once, for you are 
here introduced into a new realm of Nature, a world of little 
things aa vast, as wonderful, and as carefully constructed as 
the staiTy firmament — tliat other realm of grand objects which 
the astronomer rightly scans with the telescope. It will not 
appear singular, therefore, if, at first, you feel strange and 
awkward in this new creation. With a little perseverance, 
however, and with the attention directed towaids simple ob- 
jects at the outset, it will not be long before an increasing 
experience will engender confidence. 

21. If to all this there be added an enthusiastic study of 
the standard authorities on the subject, the rate of progress 
will be much more rapid. As compared with similar studies, 
few poaaeas more interest than microscopy, and to the one who 
pursues it with fondness, it constantly afiords sources of pleas- 
ure and agreeable surprises ; and in the end often leads to new 
and valuable additious to the sum of hujuau kuowledge. The 
deptlis which the microscope is employed to fatliom are no 
more completely known than are the heights above us explored 
and comprehended by the astronomer. 
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QUESTIONS FOR TOPICAL REVIEW 

PAOB 

1. Say what you can of the law of the tissues 333 

2. What, then, is the necessity of the microscope ? 333 

3. Define and state use of convex lenses 334 

4. Name some of the kinds of microscopes 334, 335 

5. Explain action of compound microscope 335 

6. Of what parts does it consist ? 335, 336 

7. What parts are of most importance ? 336 

8. How would you prepare specimens ? 336, 337 

9. What farther directions are given ? l 337 

10. What is said of preliminary studies ? 337-^338 

11. Give statement regarding study of human tlssi^es 339 

12. Tissues of inferior animals 339, 340 
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1. Shock. — The term shock ia applied to a condition of more 
or leas sevBre prostration, the result of some severe injury, 
accident, or fright. It may or may not be accompanied by 
loss of consciousness. The part affected is the nervous sys- 
tem at large, and hence almost all the organs in the body suffer 
more or less. Persons are differently affected by the same 
injury; in some, a comparatively slight accident produces a 
profound degree of shock, and in others, a severe injury only 
a very alight degree. The lighter forms of shock usually pass 
off in a short while, but in the severer forms a person may die 
without any injury being present. A person suffering from 
shock will be found completely prostrated, miable to stand, his 
body limp, face pale and anxious, covered with cold perspira- 
tion, respiration feeble and shallow, pulse either very feeble 
or imperceptible, and he may be conscious or unconscious. 

The great danger to this person lies in heart failure, and 
if the shock is profound, death may ensue, unless help 
is promptly given. Much can be done before medical aid 
arrives, and a life may be saved by prompt action. Aa the 
heart is the chief organ affected through the nervous system, 
everything to promote its action should be done. Place the 
sufferer flat upon his back, with the head low; loosen all tight 
clothing about the neck and chest ; give whiskey or brandy in 
liot water in small doses at intervals of fifteen minutes or 
half an hour ; surround the body with hot-water bottles, and 
keep the patient warm and quiet, 

2. Fainting. — This is the result of deficiency of blood in. 
the brain. Some people, especially women, faint very easily ; 

3. FMlaOng, lu ct 
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the sight of blood or surgical instruments, a gruesome story, 
the recital of an accident, are sufficient causes. As a rule, the 
faint is of short duration, and all that is necessaiy is to place 
the person upon the back, with the head low ; loosen all cloth- 
ing about the neck and chest ; open a window to admit fresh air, 
and sprinkle the face with cold water. If the faint occurs at 
church or at some public gathering, remove the person promptly 
to the outer air ; for foul air is frequently the cause of the 
trouble. If after the above means have been employed a 
person does not regain consciousness, give small doses {tea- 
spoopful) of whiskey and water, equal paits, and if that is not 
sufficient, elevate the legs and body, ao as to promote as much 
as possible the flow of blood to the brain. 

3. Vertigo. — This is "a rush of blood to the brain." The 
body should be placed in a sitting posture, with the head erect. . 
If the blood escapes into the braiu by reason of the rupture of 
a blood-vessel within it, the case is very grave, and the physi- 
cian should be summoned at once. Meanwhile, let the position 
be as above stated. Apoplexy is known, in very many cases, 
by the helpless condition of an arm or leg, or both, 

4. Hemorrhage, or Bleeding. — There is no doubt that many 
a life has been lost, from severe hemorrhage, whicli could have 

been saved, had intelligent aid been at 
hand to stop the bleeding-point. Aa a 
nde, the bleeding of a small wound, 
although profuse, can be readily con- 
trolled by firm pressiu^ over it, or by 
tying a strip of bandage round it ; but 
in the severer forms of hemorrhage, 
where large vessels are torn or cut, 
this is not so easily accomplished. 
Learn the difference between the two 
kinds of bleeding, '^ arterial" and "ve- 
nous." Arterial is bright red, and comes 
in jets (or throbs corresponding to the 
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piUse) ; venoua ia dai-k-coloreil, and flows continuously. If a 
larger vessel of the aim or leg liaa been injured, and tiannot be 
eoiitralled by direct pressure, tie a 
cord or liandkerchief loosely around 
the limb away from the wound on 
the side nearest the heart, put a 
stick through it and twist until the 
bleeding stops. In addition to tliis, 
tie a pad firmly on the wound. Loss 
of blood from ai'teriea is apt to be 
more rapid and dangerous than that 
from veins, and when tlie c\it vessel 
is a large one, the skill of the sur- 
geon ivill ordinardy be required in 
order to close the bleeding artery 
permanently and securely. 

It is well, in every liouaehold, to 
have, in some handy and well-known 
place, some stiips of old mualin and 
some lint, or oakum, a bandage or fu ~ 

two, and some adhesive plaster, a soft sponge, and needles and 
thread in a basket or box by themselves. In this way, valu- 
able time may be saved in the staunching of blood, flowing in 
consequence of some accidental eutor other injury. 

5, Fractures snd Dislocations. — A broken bone in surgical 
language is called a fracture ; a bone out of its joint is called 
a dislocfition. When, in addition to the fracture, there is pre- 
sent a laceration of the soft parts siirrounding it, the luuseles 
and the skin, so that the broken end of a bone protrudes 
through the latter, we speak of it as a compoiniii fracture. The 
symptoms of a fracture ai'e ; pain and inability to move the 
affected limb ; there will be mobilitj' at the poiut of the frac- 
ture, and the broken ends of the bone may be felt to grate 
upon each other ; if the leg be broken at any point the patient 
will be unable to stand upon it. 

The symptoms of a dislocation are: altered shape of the 




FIRST BELP IN ACCIDENTS 346 

limb; in&biHty to move it; great palu iu aad about the joint 
upon the slighteat attempt at motion. 

Muoh can be done for tlie comfort of a patient, pending the 
arrival of surgical aid. First of all, remember that a person 
with a brokeu bone may, without Buffering harm, wait several 
hours and even a day for the so-called " setting " of the bone. 
Rest and support of tlie injured member are the two things to 
be aQoomplished. First remove all clothing from the arm or 
leg, best by slitting the garments open, and not by pulling 
them off; then firmly tie a atrip of wood on either side of the 
limb, protecting the skin by padding the wood well with any- 
thing soft, cotton, pieces of clothing, etc. A good support is 
given by tying a pillow firmly around the arm or leg. In 




moving a person suffering from a fractured leg or arm, some 
one should carry the broken limb carefully and evenly, so as 
to avoid all jarring and all motion at the seat of the fracture, 
which would be extremely painful. Should some hours have 
to elapse before the surgeon arrives, the limb should be in- 
spected from time to time to see that the cords are not tied too 
tightly, for considerable swelling follows each fracture. 

The help in dislocations lies chiefly in the proper support of 
the limb in the position in which it is found. Tn moving 
a person suffering from a dislocation, let one person support 
the limb, and after the patient is at rest, place it in the posi- 
tion which proves the most comfortable for the sufferer, sup- 
porting it on either side with pillows, stones, or pieces of wood. 
Cold water compresses to the joint, if there is much paia^ will 
feel most grateful. 
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pound microscope are two : the objeqt-glass and the li 
of Fig. 78, and the ocular or eye-piece and the up] 
Fig. 78. Both the objects-glass and the eye-piece may, 
usually do, consist of more than one leos, for, as has been pre- 
viously mentioned, better results are obtained by a combiua- 
tion of lenses of moderate power than by 
single lenses of high power and great curvar 
ture. 

. How to Choose and Use a Microscope. — 
No attractiveness in the mechanical part of 
I microscope can compensate for inferior 
lenses; and the very first consideration in 
the choice of an instnuneut should be the 
excellence of the optical part of the instru- 
ment. In the use of the instrumeat, cave 
should be exercised to keep the lenses clean, 
free from dust, not to press the object-glass 
upon the object under observation, and not 
to wet it in the water in which most objects 
are examined. A good microscope requires 

own table ; and when not in use, should 
be covered by a bell glass, or a clean linen 
cloth. 

, The mechanical portion of the instru- 
ment varies greatly in different instruments. 
That one is the best which is the simplest, 
the most solid and most easily managed- 
Most objects in human anatomy are exam- 
ined in water or iu other liquids, or they are 
themselves liquids ; hence an oblique stage 
is often rncouvenieut 

10, Additional Apparatus. —As almost all 
objects in human anatomy are examined by 
transmitted light thrown up from the mir- 
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ror beneath the stage through the object to the eye, they must 
be placed upon strips of clear glass about three inches long 
and one inch wide, commonly called " slides," These should 
ha procured with the miproacope. Again, most objects seen 
with high powers require to be covered with a thin plate of 
glass, very properly called a "cover," that the moisture of the 
specimen may not taroiah the objectrglass. Square or circular 
covers of very thin glass are therefore provided; and a good 
supply of these should be always on hand. These glasses 
should be kept in a covered dish filled with a mixtui'e of alco- 
hol and water. Simple water will not remove the fatty matter 
which exists in all animal tissues, and, therefore, the glasses 
cannot be thoroughly cleaned with it alone. 

11. When glasses arc required for use, they should be 
removed from the liquid and wiped clean, and dry with a soft 
linen handkerchief. Delicate knives, scissors, needles mounted 
in handles, forceps, pipettes or little tubes for taking up water, 
should be obtained; these are essential to all microscopical 
study. The table should be supplied with glass-stoppered 
bottles containing the various liquids ordinarily used in the 
study of physiology. Thus, tincture of iodine is indispensable 
in studying vegetable structure, acetic acid in. the study of 
animal tissues ; and other articles will have to be added from 
time to time, as your progress in study demands them. 

12. Preliminary Studies. — In order to prepare the way for 
the study of any department of science with the aid of the 
microscope — for the microscope is but an eye, and can be 
turned in almost any direction for purposes of investigation 
— it is necessary to become ^quainted with the many objects 
which are liable to complicate the examination of particular 
structures, lioth air and water are full of floating bodies, 
and the most common of these should first occupy the atten- 
tiotL In the city, particles of starch are always floating in the 
air. Take a very minute portion of wheat flour, place it in the 
middle of a clean glass " slide," drop upon it a drop of pure 

bsglsiiuiT Knfm. sritnom, «M. T VsrlmisUqntdit ^ 



338 THE MICROSCOPE 

water, cover it with a plate of thin glass, and examine it with 
a power of from one hundred to sis hundred diametei-a. It 
will be found to be composed of minute grains or granules, the 
largest of which are made up of eoa^s or layers, like an onion, 
arranged around a central spot called the kilum. 

13. Make another preparation in the same manner, and, 
after adding the* water and before covering with the thin glasa 
cover, add a small drop of a solution of iodine. How, upon 
examining the specimen, every grain will be seen to be of a 
beautiful deep blue color. After thus studying wheat starch, 
the starch of Indian corn, of arrow-root, and of various grains, 
should be examined in like manner, and their resemblances 
and differences noted. The granules of potato^tarch are as 
distinctly marked as any. 

14. Fibres of cotton, lint, and wool are liable to be found in 
every specimen prepared for microscopical examination. In 
order to study these, any cotton, woollen, or linen fabric 
or garment, may be scraped, and the scrapings placed on 
a. piece of glass moistened with water, covered with the thin 
glasa plate or cover as before, and examined with the same 
magnifying power, namely, from one hundred to six hun- 
dred diameters. Vegetable hairs or down are constantly 
floating in air and water. These are of very various forms, 
are simple or grouped, and form very interesting objects of 
study. They are readily procured froni the epidermis or outer 
membrane of the leaves or stems of plants, by cutting with a 
delicate knife, 

15. The tiasues of plants, epidermis, ducts, and woody fibres 
are constantly found in microscopic preparations, Tliey may 
be studied in delicate sections made with a sharp knife, or by 
tearing vegetable tissues apart with needles. The down of 
moths, the hairs of different animals, the fibres of paper, the 
most common animalcules in water, the dust of shelves, and 
generally the structures found in all vegetable and animal aub- 



THE MicnoscoFE 339 

stances by -which we are surrounded, should be studied as a 
preliminary to any special line of miuroscopical investigation. 

16. The Study of HamBn Tissues. — When this has been done 
and familiarity with the use of the instrument has been ob- 
tained, proceed to the study of the human body, for human 
physiology is our subject. If the end of the finger be pricked 
with a pin, a drop of blood may be procured for examination. 
Place this on one of the glass slides, cover it with a thin piece 
of glass, press down the cover so as to make a thin layer, and 
then examine with the magnifying power just m.entionad. Do 

■ pot add water, for that will cause the blood corpuscles to dis- 
appear. If the drop of blood is placed under the microscope 
at ouce after being drawn from the finger, most interesting 
phenomena will be observed- The red corpuscles will be seen 
to arrange themselves in rows, like piles of coin, while the 
blood is coagulating. The spherical, white corpuscles will be 
left out of the rows of i-ed discs, and, if the highest power be 
used, will be seen to change their shape constantly. 

17. If you scrape with a dull knife the inside of the cheek, 
the flattened scales of "paveraent epithelium," or of the 
insensible covering which, analogous to the scarf-skin on the 
outer surface of the body, lines the cavities of its interior, 
may be readily studied. They have the appearance of trans- 
parent tiles, eai:h enclosing a round or oval body, called its 
nucleus. Dandruff and the scrapings from the skin of the 
body are composed of scales like those of the mouth, but they 
differ somewhat in being hardened by horny matter, and in 
having a very faint central body or nucleus. 

18. The Tissues of the Inferior Animals. — The warm-blooded 
animals do not differ in tlie tissues or microscopic structures 
that compose them, but only in the amount and arrangement 
of these tissues. Milne-Edwarda says these tissues "do not 
differ much in different animals, but their mode of association 

16. nireotlonsrorDxsminliigtdropofbloodr 
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^B varies, and it is chiefly by reason of the differences in the 

^1 binatiou of these asBuciatioiis in various degrees, tliat esicti 

^1 spet^ies possesses tliB aiiatuinical properties aiid charfu^ters 

^B which are peculiar to it" 

^K 19. HeDce the butcher's stall will' furnish all the materials 
^F for the study of the microscopic tissues. The structure of the 
heart, lungs, liver, brain, and muscle, may all \>e studied, and 
well stodied, by using minute pieces of the flesh of the lower 
animals, especially of the quadrupeds. Such portions of these 
animals as are not exposed for sale can be readily obtained by 
order from the slaughter-house. To examine with the powers 
of which we have been speaking, it is only necessary to cut off 
exceedingly small pieces, tear them apart with needles, or make 
very delicate sections with a sharp knife. 

20. Incentives to Study. — A complete knowledge of all 
minute structures is not to be expected at once, for you are 
here introduced into a new realm of Nature, a world of little 
things as vast, aa wonderful, and as carefidly constructed as 
the starry firmament — that other realm of grand objects which 
the astronomer rightly scans with the telescope. It will not 
appear singular, therefore, if, at first, you feel strange and 
awkward in this new creation. With a little perseverance, 
however, and with the attention directed towards simple ob- 
jects at the outset, it will not be long before an increasing 
experience will engender confidence. 

21. If to all this there be added an enthusiastic study of 
the standard authorities on the subject, the rate of progress 
will be much more rapid. As compared with similar studies, 
few possess more interest than microscopy, and to the one who 
pursues it with fondness, it constantly atfurds sources of pleas- 
ure and agreeable surprises ; anil in the end often leads to new 
and valuable additions to the sum of human knowledge. The 
depths which the microscope is employed to fathoui are no 
more completely known ttiau are the heights above us explored 
and comprehended by the astronomer. 
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stances by which we are surrounded, should be studied as a 
preliminary to any special line of microscopical investigation. 

16. The Study of Human Tissues. — When this has been done 
and familiarity with the use of the instrument has been ob- 
tained, proceed to the study of the human body, for human 
physiology is our subject. If the end of the finger be pricked 
with a pin, a drop of blood may be procured for examination. 
Place this on one of the glass slides, cover it with a thin piece 
of glass, press down the cover so as to make a thin layer, and 
then examine with the magnifying power just mentioned. Do 
not add water, for that will cause the blood corpuscles to dis- 
appear. If the drop of blood is placed under *the microscope 
at once after being drawn from the finger, most interesting 
phenomena will be observed. The red corpuscles will be seen 
to arrange themselves in rows, like piles of coin, while the 
blood is coagulating. The spherical, white corpuscles will be 
left out of the rows of red discs, and, if the highest power be 
used, will be seen to change their shape constantly. 

17. If you scrape with a dull knife the inside of the cheek, 
the flattened scales of "pavement epithelium," or of the 
insensible covering which, analogous to the scarf-skin on the 
outer surface of the body, lines the cavities of its interior, 
may be readily studied. They have the appearance of trans- 
parent tiles, each enclosing a round or oval body, called its 
nucleus. Dandruff and the scrapings from the skin of the 
body are composed of scales like those of the mouth, but they 
differ somewhat in being hardened by horny matter, and in 
having a very faint central body or nucleus. 

18. The Tissues of the Inferior Animals. — The warm-blooded 
animals do not differ in the tissues or microscopic structures 
that compose them, but only in the amount and arrangement 
of these tissues. Milne-Edwards says these tissues " do not 
differ much in different animals, but their mode of association 
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FIBST HELP IN ACCIDBrfTS 

1. Shock. — The term shock is applied to a condition of moi 
or leas severe prostration, the result of some severe injuT}^ 
accident, or fright. It may or may not be accompanied by 
loss of consciousness. The part affected is the nervous sys- 
I tera at large, and hence almost all the organs in the body suffer 
more or less. Persons are differently affected by the same 
injury ; in some, a comparatively slight accident produces a 
profound degree of shock, and in others, a severe injury only 
a very slight degree. The lighter forms of shock usually pass 
off in a short while, but in the severer forms a person may die 
without any injury being present. A person suffering from 
shock will be found completely prostrated, unable to stand, his 
body limp, face pale and anxious, covered with cold perspira- 
tion, respiration feeble and shallow, pulBe either very feeble 
or imperceptible, and he may be conscious or uaconseious. 

The great danger to this person lies in heart failure, and 
if the shock is profound, death may ensue, unleaa help 
is promptly given. Much can be done before medical aid 
arrives, and a life may be saved by prompt action. As the 
heart is the chief organ affected through the nervous system, 

Brything to promote its action should be done. Place the 
sufferer flat upon his back, with the head low ; loosen all tight 
clothing about the neck and chest ; give whiskey or brandy in 
hot water in small doses at intervals of fifteen minutes or 
half an hour ; surround the body with hot-water bottles, and 
teep the patient warm and quiet. 

8. Fainting. — This is the result of deficiency of blood in. 
the brain. Some people, especially women, faint very easily j 
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the sight of blood or surgical instrumenta, a gruesome story, 
the recital of an aceideutj ai'e sufficient causes. As a rule,, the 
faint ia of short diiratiou, and all that is necessary is to place 
the person upon the back, with the head low ; luoaen all cloth- 
ing about the neck and chest ; open a window to admit fresh air, 
and sprinkle the face with c^ld water. If the faint occurs at 
church or at some public gathering, remove the person promptly 
to the outer air ; for foul air is frequently the eause of the 
trouble. If after the above means have been employed a 
person does not regain consciousness, give small doses (tea- 
spoonful) of whiskey and water, equal parts, and if that ia not 
Bufftcient, elevate the legs and body, so as to promote as much 
as possible the flow of blood to the brain. 

3. Vertigo. — This is " a rush of blood to the brain." The 
body should be placed in a sitting posture, with the head erect. 
If the blood escapes into the brain by reason of the rupture of 
a blood-vessel within it, the case is very grave, and the physi- 
cian should be summoned at once. Meanwhile, let the position 
be as above stated. Apoplexy ia known, in very many cases, 
by the helpless condition of an arm or leg, or both. 

4. Hemorrhage, or Bleeding. —There is no doubt that many 
a life has been lost, from severe hemorrhage, which could have 

been saved, had intelligent aid been at 
band to stop the bleeding-point. Aa a 
rule, the bleeding of a small wound, 
although profuse, can be readily con- 
trolled by firm pressure over it, or by 
tying a strip of bandage round it ; but 
in the severer forms of hemorrhage, 
where large vesaels are torn or cut, 
this ia not so easily accomplished. 
Learn the difference between the two 
kinds of bleeding, 'f arterial" and "ve- 
nous." Arterial is bright red, and comes 
in jets (or throbs corresponding to the 

Apoploiy. hnvt known ? 
Ing, Its tri'stiiienl ! nilToniiiue between "uUrlnl" wiil 
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piilae) ; Yenoua ia dark-colored, and flowa continnonsly. If a 
l^u'ger vessel of the af m ot leg hiis been iiijuretl, ;iiid cannot be 
couti'oUed by direct pressure, tie a 
cord or hajidkerchief loosely aroimd 
tlia limb away fi-oin the wound on 
the itide nearest tlie heart, put a 
stick through it autl twist until the 
bleeding stops. In addition to this, 
a pad firmly on the wound. Lass 
of blood from aiieriea is apt to he 
more rapid and dangerous tlian that 
from veins, and when tlie cut yessel 
large one, the skill of the anr- 
geoQ will ordinarily he reijuired in 
order to close the bleeding artery 
permanently and securely. 

It is well, in every household, to 
have, in some handy and well-known 
place, some strips of old muslin and 
B lint, or oakum, a bandage or 
two, and some adhesive plaster, a soft sponge, and needles H 
thread in a basket or bos by themselves. In tliis way, ^ 

e time may be saved \n the staunching of blood, flowing in 
conaequence uf some accidental cut or other injury. 

5. Fractures and DiBlocations. — A broken bone in surgical 
language ia called a fracture ; a. hone out of its joint is called 
a di^cntion. When, in addition to the fracture, there ia pre- 
sent a laceration of the soft parts surrounding it, the muscles 
and the akin, so that tlie broken end of a bone protrudes 
through the latter, we apeak of it aa a compound fi-adwre. The 
symptoms of a fractnre are : pain and inability to move the 
Reeled limb; there will be mobility at the point of the fr»c- 
I, and the bi-oken ends of the bone may be felt to grate 
upon each otlier; if the leg be broken at any point tiie patient 
will be unable to stand upon it. 

The symptoms of a dislocation are: altered shape, of the 
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liml); inability to move it ; gi'eat pain in auil about the joint 
upon tbe sliglitest attemi>t at iDotion. 

Muuli can be done for the comfort of a patient, pending the 
arrival of surgical aid. First of all, remember that a person 
with a broken bone may, without Buffering harm, wait eeveval 
hours and even a day for the so-called "setting" of the bone. 
Rest and support of tlie injured member ai'e the two things to 
be accomplished. First remove all clothing from the arm or 
leg, beat by slitting the garments oi)eu, and not by pulling 
them off; then firmly tie a strip of wood on either side of the 
liml:^ protecting the skin by padding the wood well with any- 
thing soft, cotton, pieces of clothing, etc. A good support is 
given by tying a pillow firmly around the arm or leg. In 




moving a person suffering from a fractured leg or arm, some 
one should carry the broken limb carefully and evenly, so as 
to avoid all jarring and all motion at the seat of the fracture, 
which would be extremely painful. Should some hours have 
to elapse before the surgeon arrives, the limb should be Lu- 
apeeted from time to time to see that the cords are not tied too 
tightly, for considerable swelling follows each fracture. 

The help in dislocations lies chiefly in the proper support of 
the limb in the position in which it is found. In moving 
a person suffering from a dislocation, let one person support 
the limb, and after the patient is at rest, place it in the posi- 
tion which proves the most comfortable for the sufferer, sup- 
porting it on eitlier side with pillows, stones, or pieces of wood. 
Cold water compresses to the joint, if there is much pain, will 
feel most grateful. 
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pound microaeope are two : the object-glass and the lower Jenfl 
of Fig. 78, and the oculai" or eye-piece and the upper piece of 
Fig. 78. Both, the object-gliiss and the eye-piece may, and 
usually do, consist of more than one lens, for, as has been pre- 
viously mentioned, better results are obtained by a combina- 
tion of lenses of moderate power than by ™»»r^R 
le lenses of high power and great curvar 

How to Choose and Use a Microscope. — 

No attractiveness in the mechanical part of 
; microscope can compensate for inferior 
lenses; and the very first consideration in 
the choice of an inatriiment should be the 
excellence of the optical part of the instru- 
ment. In the use of the instrument, care 
should be exercised to keep the lenses clean, 
free from dust, not to press the object-glass 
upon the object under observation, and not 
to wet it in the water in which most objects 
are examined. A good microscope requires 
jwn table ; and when not in use, should 
be covered by a bell glaas, or a clean linen 
cloth. 

9. The mechanical portion of the instru- 
ment varies greatly in different instruments. 
That one ia the best which is the simplest, 
the most solid and most easily managed. 
Most objects in human anatomy are exam- 
ined in water or in other liquids, or they are 
themselves liquids ; hence an oblique stage 
8 often inconvenient. 

10. Additional Apparatus. — As almost all 
objects in human anatomy are examined by 
transmitted light thrown up from the mir- 
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ror beneath the stage through the object to the eye, they must 
be placed upon strips of clear glass about three inchea long 
and one inch wide, commonly called " slides." These should 
be procured with the microscope. Again, moat objects seen 
with high powers require to be covered with a thin plate of 
glass, very properly called a " cover," that the moisture of the 
Specimen may not tarnish the ohjectr^lass. Square or circular 
covers of very thin glass are therefore provided ; and a good 
supply of these should be always on hand. These glasses 
should be kept in a covered dish filled with a mixture of alco- 
hol and water. Simple water will not remove the fatty matter 
which eidsts iu all animal tissues, and, therefore, the glasses 
cannot be thoroughly cleaned with it alone. 

11. When glasses are required for uae, they should be 
removed from the liquid and wiped clean and dry with a soft 
linen handkerchief. Delicate knives, scissors, needles moimted 
in handles, forceps, pipettes or little tubes for taking up water, 
should be obtained; these are essential to all microscopical 
study. The table should be supplied with glass-stoppered 
bottles containing the rarious liqinda ordinarily used in the 
study of physiology. Thus, tincture of iodine is indispensable 
in studying vegetable structure, acetic acid in the study of 
animal tissues ; and other articles will have to be added from 
time to time, as your progress in study demands them. 

IS. Preliminat7 Studies. — In order to prepare the way for 
the study of any department of science with the aid of tlie 
microscope — for the microscope is but an eye, and can lie 
turned in almost any direction for purposes of investigation 
— it is necessary to become ^quainted with the many objects 
which are liable to complicate the examination of particular 
structures. Hoth air and water are full of floating bodies, 
and the moat common of these should first occupy the atten- 
tion. In the city, particles of starch are always floating in the 
air. Take a very minute portion of wheat flour, place it in the 
middle of a clean glass " slide," drop upon it a drop of pure 
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water, cover it with a plate of thin glass, and examine it witli 
a power of from one hundred to six hundred diameters. It 
fill be found to be composed of minute grains or granules, the 
largest of which are made up of coats or layers, like an onioo, 
arranged around a central spot called the hilum. 

13. Make another preparation in the same manner, and, 
after adding the water and before covering with the thin glass 
cover, add a small drop of a solution of iodine. Now, upon 
examining the specimen, every grain will be seen to be of a 
beautiful deep blue color. After thus studying wheat starch, 
the starch of Indian corn, of arrow-root, and of various grains, 
should be examined in like manner, and their resemblances 

Lnd differences noted. The granules of potato-atarch are as 
distinctly marked as any, 

14. Fibres of cotton, lint, and wool are liable to be found in 
every specimen prepared for microscopical examination. In 
order to study these, any cotton, woollen, or linen fabric 
or garment, may be scraped, and tlie scrapings placed on 
a piece of glass moistened with water, covered with the thin 
glass plate or cover as before, and examined with the same 
magnifying power, namely, from one hundred to six hun- 
dred diameters. Vegetable hairs or down are constantly 
floating in air and water. These are of very various forms, 
are simple or grouped, and form very interesting objects of 
study. They are readily procured from the epidermis or outer 
membrane of the leaves or stems of plants, by cutting with a 
delicate knife. 

15. The tissues of plants, epidermis, ducts, and woody fibres 
are constantly found in microscopic preparations. They may 
be studied in delicate sections made with a sharp knife, or by 
tearing vegetable tissues apart with needles. The down of 
moths, the hairs of different animals, the fibres of paper, the 
moat common animalcules in water, the dust of shelves, and 
generally the structures fouiul in all vegetable and animal sub- 
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stances by which we are aurrounded, should be studied as a 
preliiniuary to any special line of microscopical investigation. 

16. The Study of Human Tissues. — When this has been done 
and familiarity with the use of the instrument has been ob- 
tained, proceed to the study of the human body, for hiunan 
physiology is our subject. If the end of the finger be pricked 
with a pin, a drop of blood may be procured for examination. 
Place this on one of the glass slides, cover it with a thin piece 
of glass, press down the cover so as to make a thin layer, and 
then examine with the magnifying power just mentioned. Do 
■ not add water, for that will cause the blood corpuscles to dis- 
appear. If the drop of blood is placed under 'the microscope 
at once after being drawn from the finger, most interesting 
phenomena will be observed. The red corpuscles will be seen 
to arrange themselves in rows, like piles of coin, while the 
blood is coagulating. The spherical, white corpuscles will be 
left out of the rows of red discs, and, if the highest power be 
used, will be seen to change their sli. 



17. If you scrape with a dull knife the inside of the cheek, 
the flattened scales of " pavement epithelium," or of the 
irisenaible covering which, analogous to the scarf-skin on the 
outer surface of the body, lines the cavities of its interior, 
may be readily studied. They have the appearance of trans- 
parent tiles, each enclosing a round or oval body, called its 
nucleus. Dandruff and the scrapings from the skin of the 
body are composed of scales like those of the mouth, but they 
differ somewhat in being hardened by homy matter, and in 
having a very faint central body or nucleus. 

18. The Tissuee of the Inferior Animals. — The warm-blooded 

animals do not differ iu the tissues or microscopic structures 
that compose tbera, but only in the amount aud arrangement 
of these tissues. Milne-Edwards says these tissues " do not 
differ much in different animals, but their mode of association 
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vaiies, and it is chiefly by reason of the differenoes in the com- 
biuatioD of these asauciatioiis in various degrees, tlmt each 
ajKicies possesses the aiiatijiuical properties and characters 
■which are peculiar to it." 

19. Hence the bntclier'a stall will' furnish all the materials 
for the study of the microacopic tissues. The structure of the 
heart, lungs, liver, brain, and muscle, may all lie studied, and 
well studied, by using minute pieces of the flesh of the lower 
animals, especially of the quadrupeds. Such portions of these 
animals as are not exposed for sale can be readily obtained by 
order from the slaughter-house. To examine with the powers 
of which we have been speaking, it is only necessary to cut off 
exceedingly small pieces, tear them apart with needles, or make 
very delicate sections with a sharp knife. 

20. Incentives to Study. — A complete knowledge of all 
minute structures is not to be expected at once, for you are 
here introduced into a new reabn of Nature^ a world of little 
things as vast, as wonderful, and aa carefully constructed ss 
the starry firniament — that other realm of grand objects which 
the astronomer rightly scans with the telescope. It will not 
appear singular, therefore, if, at first, you {eal strange and 
awkward in this new creation. With a little perseverance, 
however, and with the attention directed towards simple ob- 
jects at the outset, it will not be long before an increasing 
experience will engender confidence. 

Sil. IE to all this there be added an enthusiastic study of 
the standard authorities on the subject, the rate of pi-ogress 
will be much more rapid. As compared with similar studies, 
few possess more interest than microscopy, and to the one who 
pursues it with fondness, it constantly affords aourcea of pleas- 
ure and agreeable surprises ; and in tlie end often leads to new 
and valuable ailditions to the sum of hmnau knowledge. The 
depths wliich the micro3co()e is employed to fathom are no 
e completely known than are the heights above us explored 
and comprehended by the astronomer. 

to. InunUrsi toatuaj-r 2£, Row ig>y Iba nleurprogrimji balasnuBA^^^I 
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stances by which we are surrounded, should be studied as a 
preliminary to any special line of microscopical investigation. 

16. The Study of Human Tissues. — When this has been done 
and familiarity with the use of the instrument has been ob- 
tained, proceed to the study of the human body, for human 
physiology is our subject. If the end of the finger be pricked 
with a pin, a drop of blood may be procured for examination. 
Place this on one of the glass slides, cover it with a thin piece 
of glass, press down the cover so as to make a thin layer, and 
then examine with the magnifying power just mentioned. Do 
not add water, for that will cause the blood corpuscles to dis- 
appear. If the drop of blood is placed under *the microscope 
at once after being drawn from the finger, most interesting 
phenomena will be observed. The red corpuscles will be seen 
to arrange themselves in rows, like piles of coin, while the 
blood is coagulating. The spherical, white corpuscles will be 
left out of the rows of red discs, and, if the highest power be 
used, will be seen to change their shape constantly. 

17. If you scrape with a dull knife the inside of the cheek, 
the flattened scales of "pavement epithelium," or of the 
insensible covering which, analogous to the scarf-skin on the 
outer surface of the body, lines the cavities of its interior, 
may be readily studied. They have the appearance of trans- 
parent tiles, each enclosing a round or oval body, called its 
nucleus. Dandruff and the scrapings from the skin of the 
body are composed of scales like those of the mouth, but they 
differ somewhat in being hardened by horny matter, and in 
having a very faint central body or nucleus. 

18. The Tissues of the Inferior Animals. — The warm-blooded 
animals do not differ in the tissues or microscopic structures 
that compose them, but only in the amount and arrangement 
of these tissues. Milne-Edwards says these tissues "do not 
differ much in different animals, but their mode of association 



16. Directions for examining a drop of blood ? 

17. Examination of the scales of the mouth ? Dandruff ? 

18. In what, as respects the tissues, do the warm-bloo^^^ «b\iVm»\% ^Mtet> '^\si5«j«!««s» 
otMUne-Edwardsf 
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1. Shock. — The term shock is applied to a condition of more 
or leas severe prostration, the result of some severe injury, 
accident, or fright. It may or may not be accompanied by 
loss of consciousness , The part affected is the nervous sys- 
tem at large, and hence almost all the organs in the \tody sidler 
more or less. Persons ai'e differently affected by the same 
injury ; in some, a comparatively slight accident produces a 
profound degree of shock, and in others, a severe injury only 
a very slight degree. The lighter forms of shock usually pass 
off in a short while, but In the sevei-er forms a person may die 
without any injury being present. A person suffering from 
shock wQl be found completely prostrated, unable to stand, hia 
body limp, face pale and anxious, covered with cold perspira- 
tion, respiration feeble and shallow, pulse either very feeble 
or imperceptible, and he may be conscious or unconscious. 

The great danger to this person lies in heart failure, and 
if the shock is profound, death may ensue, unless help 
is promptly given. Much can be done before medical aid 
arrives, and a life may be saved by prompt action. As the 
heart is the chief organ affected through the nervous system, 
everything to promote its action should be done. Place the 
sufferer flat upon his back, with the head low ; loosen all tight 
clothing about the neck and chest ; give whiskey or brandy in 
hot water in small doses at intervals of fifteen minutes or 
half an hour ; surround the body with hot-water bottles, and 
keep the patient warm and quiet. 

2. Fainting. — This is the reaidt of deficiency of blood in. 
the brain. Some people, especially women, faint very easily; 

' Dungerr TrutmsDI 
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the aight of blood or surgical matrumentB, a gruesome story, 
the recital of an accident, are sufficient causes. As a rule, the 
faint is of short duration, and all that is necessary is to place 
the person upon the back, with the head low ; loosen all cloth- 
ing about the neck and chest ; open a window to admit fresh air, 
and sprinkle the face with cold water. If the faint occurs at 
church or at some public gathering, remove the person promptly 
to the outer air ; for foul air ia frequently the cause of the 
trouble. If after the above means have been employed a 
person does not regain consciousness, give small doses (tea- 
spoojiful) of whiskey and water, equal parts, and if that ia not 
sufficient, elevate the legs and body, so as to promote as much 
as possible the flow of blood to the bmin. 

3. Vertigo. — This is " a rush of blood to the brain." The 
body should be placed in a sitting posture, with the head erect. 
If the blood escapes into the braiu by reason of the rupture of 
a blood-vessel within it, the case is very grave, and the physi- 
cian sfaoidd be summoned at once. Meanwhile, let the position 
be as above stated. Apoplexy is known, in. very many cases, 
by the helpless condition of an arm or leg, or both. 

4. Hemorrhage, or Bleeding. — There is no doubt that many 
a life liiis bei^n lost, from severe hemorrhage, which could have 

been saved, had intelligent aid been at 
hand to slop the bleeding-point. As a 
rule, the bleeding of a small wound, 
although profuse, can be readily con- 
trolled by firm pressure over it, or by 
tying a strip of bandage round it; but 
in the severer forms of hemorrhage, 
where large vessels are torn or cut, 
this is not so easily accomplished. 
Learn the difEerence between the two 
kinds of bleeding, '* arterial" and "ve- 
nous." Arterial is bright red, and comes 
in jets (or throbs corresponding to the 

low known t 
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1. Shock. ^The term sliock is applied to a condition of more 
or less severe prostration, the result of some severe injury, 
accident, or fright. It may or may not be accompanied by 
loss of consciousness. The part ail'ected is the nervous sys- 
tem at large, and hence almost all the organs in the body suffer 
more or less. Persons are differently affected by the same 
injury ; in some, a comparatively slight accident produces a 
profound degree of shock, and in others, a severe injury only 
a very slight degree. The lighter forms of shock usually paaa 
off in a short while, but in the severer forms a person may die 
without any injury being present. A person suffering from 
shock will be found completely prostrated, unable to stand, hia 
body limp, face pale and anxious, covered with cold perspira^ 
tion, respiration feeble and shallovf, pulSe either very feeble , 
or imperceptible, and he may be conscious or unconaeioua. 

The great danger to this person lies in heart failure, and 
if the shock is profoimd, death may ensue, unless help 
is promptly given. Much can be done before medical aid 
arrives, and a life may be saved by prompt action. As the 
heart is the chief organ affected tlirough the nervous system, 
everything to promote its action should be done. Place the 
sufferer flat upon his back, with the head low ; loosen all tight 
clothing about the neck and chest ; give whiskey or brandy in 
hot water in small doses at intervals of fifteen minutes or 
half an hour ; siu'round the body with hot-water bottles, and 
keep the patient warm and quiet. 

2. Fainting. — This is the result of deficiency of blood in. 
the brain. Some people, especially women, faint very easily; 
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the sight of blood or siirgical instruments, a, gruesome story, 
the recital of an accident, are sufficient causes. As a rule, the 
faint is of short duration, and aU that is necessary is to place 
the person upon the back, with the head low ; loosen all cloth- 
ing about the neck and chest ; ojwn a window to admit fresh air, 
and sprinkle the fa«e with cold water. If the faint occurs at 
church or at some public gathering, remove the person promptly 
to the outer air ; for foul air is frequently the cause of the 
trouble. If after the above means have been employed a 
person does not regain consciousness, give small doses (tear 
spoonful) of whiskey and water, equal parts, and if that is not 
sufficient, elevate the legs and body, so as to promote as much 
as possible the flow of blood to the brain. 

3. Vertigo. — This is " a rush of blood to the brain." The 
body should be placed in a sitting posture, with the head erect. . 
If the blood escapes into the brain by reason of the rupture of 
a blood-vessel within it, the case is very grave, and the physi- 
cian should be summoned at once. Meanwhile, let the position 
be aa above stated. Apoplexy is known, in very many cases, 
by the helpless condition of an arm or leg, or botli. 

4. Hemorrtiage, or Bleeding. — ^ There is no doubt that many 
a life Ims lieen lost, from severe hemorrhage, which could have 

been saved, had intelligent aid been at 
hand to stop the bleeding-point As a 
rule, the bleeding of a small wound, 
although profuse, can be readily con- 
trolled by firm pressure over it, ov by 
tying a strip of bandage round it; but 
in the severer forms of hemorrhage, 
where large vessels are torn or cut, 
this is not so easily accomplished. 
Learn the difference between the two 
kinds of bleeding, '* arterial" and "ve- 
nous." Arterial is bright red, and comes 
in jets (or throbs corresponding to the 

VerUgn, ItalMBtinontf Apc.pleij. how liniiwnf 
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pulse); venoua ia dark -colored, and flows continuously, 
larger vessel of tlie ivtm or leg haa been injured, and cannot be 
controlled by direct pressure, tie a 
cord or handkerchief loosely around 
the limb away fi-om the wound on 
the side nearest the heart, put a 
stick through it and twist nntil the 
bleeding stops. In :iddition to this, 
tie A pad firmly on the wound. Loss 
of blood from arteries is apt to be 
I rapid and dangerous than tlnit 
from veins, and when the cut vessel 
large one, the skill of the sur- 
geon will ordinarily be required in 
order to close the bleeding artery 
permanently and securely. 

It ia well, in every household, to 
have, in some handy and well-known 
place, some strips of old muslin and 
B lint, or oakniu, a bandage or 
two, and some adhesive plaster, a soft sponge, and needles and 
thread in a baaket or box by themselves. In tliia way, valu- 
able time may be saved in the staunching of blood, flowing in 
consequence of some accidental cut or other injury. 

5. Fractures and Dialocfttlons. — A broken bone in surgical 
language is called a fracture ; a bone out of its joint is called 
a dislocation. When, in addition to the fracture, there is pre- 
sent a laceration of the soft parts surrounding it, the muscles 
and the skin, so that the broken end of a bone protrudes 
thTOiigh the latter, we speak of it as a compound fraclure. The 
symptoms of a fracture are : pain and inability to move the 
affected limb; there will be mobility at the point of the frac- 
ture, and the broken ends of the bone may be felt to grate 
npon each other ; if the leg be broken at any point the patient 
will be unable to stand upon it. 

The symptoms of a dislocation are: altered shape of the 
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limb; inability to move it ; great pain in and about the joint 
u)>on the slightest attempt a.t motion. 

Much can be done for the comfort of a patient, pending the 
arrival of surgical aid. First of at!, remenilier that a person 
with a broken bone may, without sutfering harm, wait several 
hours and even a day for the so«alle<l "setting" of the bone. 
Rest and support of the injured msniber are the two things to 
be accomplished. First remove all clothing from the arm or 
leg, best by slitting the garments open, and not by pulling 
them oif J then firmly tie a sti'ip of wood on either side of the 
limb, protecting the skin by padding the wood well with any- 
thing soft, cotton, pieces of clothing, etc. A good support is 
given by tying a pillow tiiinly around the arm or leg. In 




moving a person suffering from a fractured leg or arm, some 
one should carry the broken limb carefully and evenly, so as 
to avoid all jarring and all motion at the seat of the fracture, 
which would be extremely painful. Should some hours have 
to elapse before the surgeon arrives, the limb should be in- 
spected from time to time to see that the cords are not tied too 
tightly, for considerable swelling follows each fracture. 

The help in dislocations lies chiefly in the proper support of 
the limb in the position in which it is found- In moving 
a person suffering from a dislocation, let one person support 
the limb, anil after the patient is at rest, place it in the posi- 
tion which proves the moat conifort.able for the sufferer, sup- 
porting it on either side with pillows, stones, or pieces of wood. 
Cold water compresses to the joint, if there is much pain, will 
feel moat grateful. 
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^V 6. Sprains, — A sprain is a severe straining or tearing ( 
^B the ligaments surrounding a joint. In tlie milder forms these 
^1 are only greatly stretched, but lu the more severe eases they 
^1 are torn entire or in pait, in some eases being even complicated 
H by a tearing off or breaking of the ends of the bones forming 
H the joint Every joint may suffer from a sprain, altho^h it 
V is moat frequently met with in the ankle. 

H The symptoms of a sprain are : severe pain in the affected 

joint, both upon motion and at rest ; swelling sets in uauallj 
soon after the receipt of the injury, and blood soon makes its 
appearance under the skin, coming from the ruptured blood- 
vessels. 

The best immediate relief that can be given is to place the 
joint in hot water, as hot as can be borne, and keep it there 
for several hours, or untU the doctor arrives, adding hot water 
as it cools. Should medical aid not be obtainable, then take 
the limb out of the hot water after two hours, and bandage it 
firmly, well below and above the joint, so aa to give the great- 
est support and prevent all motion. 

7. Bums and ScBlds. — The secret of the best treatment of 
these injuries is to exclude the air from the woimded surfaces. 
When they are slight, and the akin is not destroyed, but merely 
blistered, prevent the displacement of the skin as much as 
possible. Let the blisters be punctured, if necessary, to let 
out the liquid, and then keep the skin in place by cotton cloth 
or lint, wet with a solution of one teaspoonful of carbolic acid 
in a quart of water, or a strong solution of baking soda. The 
cloth should be kept wet constantly, but do not irritate the 
wound by taking off the di'essing too often. 

Extensive burns are much worse than deep bums. In the 
former case, the outlook is grave, and the patient will probably 
require the best aid, both medical and surgical, of some 
physician. 

Scows after Bums. — If a burn be on the face, neek, or near 
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a joint, it ia not well to hasten the healing process, on account 
of the contraction that always takes place as the scar is formed. 
"I"ire is a source of danger, and is very destructive to life 
at times. Spontaneous combuBtion of the human body when 
saturated with alcohol is a myth, though perhaps the alcohol- 
ized body does burn more readily than one free from inflam- 
mable fluid. \Vhen a lady ia on fire, she should not and 
ought not to be permitted to run; that fans the flames 
amazingly. She must be laid down and rolled up in the 
nearest woollen article, — rug, coat, or blanket. Such wrap- 
ping up in a non-inflammable article is a most eifective method 
of extinguishing the flames, Iinmei-sion in water is, unfortu- 
nately, rarely practicable." — i^/ierf/iH. 

8. Illuminating Gas ia dangerous in two ways. If it escapes 
into a tightly closed room in sufficient quantities, it causes the 
death of the inmates by suffocation, unless some one from 
without discovers the perilous situation. If not too late, 
remove the patient into fresh air, undo the clothing, dash cold 
water on the face and neck, and employ artificial respiration, 
aa in drowning (see p. 336). Again : If it escapes freely into 
an apartment, it forms an explosive compound by mixing with 
the air. If then a light is unguardedly taken into the place, 
an explosion that may be destructive to life will result. 
Always thoroughly air any room that has the odor of escaping 
gas before a light is taken in. 

9. Kerosene is the cause of even more " accidents " than gas. 
Too much care cannot be taken in its use. Buy only that 
which has been tested, but remember that not all that are 
marked aa " safe " are truly so. If a responsible oil-man certi- 
fies that the oil will not " flash " imder 140 degrees, it may be 
regarded as safe if properly used. Lamps shoidd be tilled only 
in the daytime. Never attempt to fill a lamp that is lighted, 
and never put kerosene in the stove for the purpose of kindling 
a fire. Very small lamps are dangerous, as also is a lamp that 
has burned a lonn time, and has but very little oil in it 
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10. Froat-bltea. — Keep away from the fire and in a cod 
room. Eub the uose, or other part that has been " bitten," with 
snow or ice-water until the blood is wanned again and circulat- 
ing in the pai't. Chilblains ahould not be brought to the fire:_ 
if the skin ia unbroken, it should be hardened by brushing it 
over with alcohol having tannin in it. 

11. Sunstroke is seldom produced in this climate in persons 
who have not labored too hard. Fatigue and sun-heat are 
commonly the joint causes of sudden prostration in summer; 
although "heatstroke" may occur in an artificially heated 
atmosphere, without exposure to the sun. In the tropics, the 
least possible exertion is put forth by the natives during the 
midday hours. On very hot ilays, therefore, avoid fatigue and 
open-ail' labor as much as possible. Keep the Lead cool. If 
any unusual, dizzy feeling comes on, apply cold water to the 
htad and neck. If a person falls unconscious, and the skiu 
is decidedly hot and dry, he should be taken to a cool place. 
If the face and head are red and hot, apply ice-water on 
cloths. If pale, give stimulants gradually, and use cold water 
sparingly. 

13. Fits or ConvulBionB. — These may be trivial or grave. 
If the patient is a yoimg woman, the attack ia probably hyster- 
ical, and, as a rule, not dangerous, and a sprinkle of cold water 
will bring relief. If the patient struggles with regularity of 
movement, and there is bloody froth on the lips, it is a case of 
epilepsy, and requires a physician's attendance. Meanwhile, 
protect the head from injury by putting a pillow or some soft 
article beneath it; a cork introduced between the 'teeth will 
prevent tlie biting of the tongue. Prevent the person from 
falling or injuring himself, but do not attempt to forcibly told 
him quiet. 

In children apply cloths dipped in water to the head ; disturb 
the child as little as possible; do not use a warm bath until 
directed by the doctor. 
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13. Drowning. — Marskail UalVs " Beady Methoii " of treat- 
ment ill asjiliyxia from drowiiiiig, uhloroform, coal-gas, etc. 

Ist. Treat the patient inslantly on the spot, in tlie ojien air, 
freely esposiug the face, neek, aiid ohest to the bi'eeze, except 
in severe weather. 

2d. In order to dear the throat, place the patient gently on 
the face, with one wriat nndec the foreheadj that all fluid, and 
the tongue itself, may fall forward, and leave the entrance into 
the windpipe free, 

3d. To excite respiration, turn the patient slightly on his 
aide, and apply some irritating or stimulating agent to the 
nostrila, as verairine, dilute ammonia, etc. 

4th. Make the face warm by.hrisk friction ; then dash cold 
water npon it. 

■6th, If not successful, lose no time; but, to imitate resptror 
(ion, place the patient on his face, and turn the body gently, 
but completely, on the side, and a little beyond; then again on 
the face, and so on, alternately, Repeat these movements 
deliberately and pe^'severingly, Jlfleen times only in a minute. 
(When the patient lies on the thorax, this cavity ia compressed 
by the weight of the body, and ecpiration takes place. When 
he is turned on the side, this pressure is removed, and inspirar 
tion ocenra.) 

Cth. When the prone position is resumed, make a uniform 
and efficient pressm'e along the spine, removing the pressure 
immediately, before TOtatioii on the side. tThe pressui'e aug- 
ments the ejipiration, the rotation commences inspiration.) 
Continue these measures. 

7th. Rub the limbs upward^ with firm pressure, and with 
energy. (The object being to aid the return of vc:iou8 blood 
to the heai't.) 

8th. Substitute for the patient's wet clothing, if possible, 
snch other covering as can he instantly procured, each 
bystander supplying a coat or cloak, etc. Meantime, and 
from time to time, to excite inspiration, let the surface of the 
body be dapped briskly with tlie hand. 

WbM Is n>U'9 tesdy methoii of tresUDenl Id uptiyila tiom drawBlal^ ■ 
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9th. Bub the body briskly until it is dry and warm, then 
dasli cold water upou it, and repeat the rubbing. 

Avoid the immediate removal of the patient, as it involves a 
dangerous loss of time; also, the use of bellows, or any forcing 
instrument ; also, the warvi hath, and uH, rough Irealmeiit. 

14. Poisons and their Antldotea. — Accidents from poisoning 
are of such frequent occurrence, that every one should be able 
to administer the more common antidotes, until the services of 
a physician can be obtained. As many poisons bear a close 
resemblance to articles in common use, no dangerous substance 
should be brought into the household without having the word 
potaoti plainly written or printed on the label ; and any pack- 
age, bos, or vial, without a label, should be at once destroyed, 
if the contents are not positively knowq. 

When a healthy person is taken severely and siiddeu2y ill 
soon after some substance has been swallowed, we may suspect 
that he has been poisoned. In al! cases where poison has been 
taken into the stomach, it should be quickly and thoroughly 
expelled by some active emetic, which can be speedily ob- 
tained. This may be accomplished by drinking a timiblerfiil 
of warm water, containing either a tablespoonful of powdered 
mustard or of common salt, or two teaspoonfuls of powdered 
alum in two tablespoonfuls of syrup. WTien vomiting has 
already taken place, it should be continued by copious draughts 
of warm water or mucilaginous drinks, such as gum-water or 
flaxseed tea, and tickling the throat with the finger until there 
is reason to believe that all the poisonous substance has been 
expelled from the. stomach. 

The following list embraces only the more common poisons, 
together with such antidotes as are usually at hand, to be used 
imtil the physician arrivea : — 

Adds. — HydrachloTie acid ; muriatic acid (spirits of salt); 
nitric acid (aqua fortis); sulphuric acid (oil of vitriol). 

Antidote. — An antidote should be given at once to neutral- 
ize the acid. Strong soapsuds is an efficient remedy, and can 
always be obtained. It should be followed by copious draughts 
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of warm water or flaxseed tea. Chalk, niagDesia, soda, or sale- 
ratus {with watei'), or lime-water are the best remedies. When 
Bulphurie acid has beeu taken, water should be given sparingly, 
* because, wben water unites with this acid intense heat is pro- 
duced. 

Oxalic add. 

Antidote. — Oxalic acid resembles Epsom salts in appear- 
ance, and may easily be mistaken for it. The antidotes are 
magnesia, or chalk mixed with water. 

Pnmsic acid ; oil of bitter aimonds ; laurel water ; cr/anide 
of polassium (used in electrotyping). 

Antidote. — Cold douche to the spine. Chlorine water, or 
water of ammonia largely diluted, should be given, and the 
Tapor arising from them may be inhaled, 

Akalies and their Salta. — Ammonia (hartshorn), liquor or 
water of ammonia. Potassa : — caustic potash, strong lye, oar- 
bonate of potassa (pearlash), nitrate of potassa (saltpetre). 

Antidote. — Give the vegetable aoids diluted, as weak vine- 
gar, acetic, citric, or tartaric acids dissolved in water. Castor 
oil, linseed oil, and sweet oil may also be used j they form 
soaps when mixed with the free alkalies, which they thus 
render harmless. The poisonous effects of saltpetre must be 
counteracted by taking mucilaginous drinks freely, so as to 
produce vomiting. 

Alcohol. — Brandy, viine ; all spirituous liquors. 

Antidote. — Give as an emetic ground mustard or tartar 
emetic. If the patient cannot swallow, introduce a stomach 
pump ; pour cold water on the head. 

Goaes. — Chlorine, carbonic acid gas, carbonic oxide, fumes of 
burning diarcoai, sulphuretted hydrogen, illuminating or coal gas. 

Antidotb. — For poisoning by chlorine, inhale, cautiously, 
ammonia (hartshorn). For the other gases, cold water should 
be poured upon the he^, and stiniulants cautiously adminis- 
tered; artificial respiration, (See Marshall IlalFs Ready 
Method, page .136.) 

Hetols. — Antimony, tartar emetic, vHne of antimony, etc. 

Antidote. — If vomiting has not occurred, it sliould lie pro- 
duced by tickling the throat with the tinget or a feather, and 




Shock. — The term shock is applied to a condition of mca 
severe prostration, tlie result of s 
accident, or fright. It may or may not be accompanied by 
loss of consciousness. The part affected is the nervous sys- 
tem at large, and hence almost all the organs in the body snffer 
more or less. Persons are differently affected by the same 
injury ; in some, a compai'atively slight accident produces a 
profound degree of shock, and in others, a severe injury only 
a very slight degree. The lighter forms of shock usually pass 
off in a short while, but in the severer forms a person may die 
without any injury being present. A person suffering from 
shock will be found completely prostrated, unable to stand, his 
body limp, face pale and anxious, covered with cold pe.rspirar 
tion, respiration feeble and shallow, pidSe either very feeble 
or imperceptible, and he may be conscious or unconscious. 

The great danger to this person lies in heart failure, and 
if the shock is profound, death may ensue, unless help 
is promptly given. Much can be done before medical aid 
arrives, and a life may be saved by prompt action. As the 
heart is the chief organ affected through the nervous system, 
everything to promote its action should be done. Place the 
sufferer flat upon his back, with the bead low ; loosen all tight 
clothing about the neck and chest ; give whiskey or brandy in 
hot water in small doses at intervals of fifteen minutes of 
half an hour ; surround the body with hot-water bottles, and 
keep the patient warm and quiet. 

2. Fainting. — This is the result of deficiency of blood in , 
the brain. Some people, especially women, faint very easily; 
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the Bight of blood or surgical inatrumenta, a gruesome story, 
the recital of an accident, are sufficient causes. As a rule, the 
faiut is of short duration, aud all that is ueeessaiy is to place 
the person upon the back, with the head low ; looseii all cloth- 
ing about the neck and chest ; open a window to admit fresh air, 
and sprinkle the face with cold water. If the faint occurs at 
church or at some public gathering, remove the person promptly 
to the outer air ; for foul air is frequently the cause of the 
trouble. If after the above means have been employed a 
person does not regain consciousness, give small doses (tea- 
spoojiful) of whiskey and water, equal parts, and if that is not 
sidlicient, elevate the lega and iMxly, so as to promote as much 
as possible the flow of blood to the brain. 

3. Vertigo. — This is " a rush of blood to the brain." The 
body should be placed in a sitting posture, with the head erect 
If the blood escapes into the brain by reason of the rupture of 
a blood-vessel within it, the case is very grave, and the physi- 
cian should be summoned at once. Meanwhile, let the position 
be as above stated. Apoplexy is known, in very many cases, 
by the helpless condition of an ann or leg, or both. 

4. Hemorrhage, or Bleeding. — There is no doubt that many 
a life biia been lost, from severe hemorrhage, which could have 

been saved, had intelligent aid been at 
hand to stop the bleeding-point. As a 
rule, the bleeding of a small wound, 
although profuse, can be readily con- 
trolled by firm pressure over it, or by 
tying a strip of bandage round it; but 
in the severer forms of hemorrhage, 
where large vessels are torn or cut, 
this is not so easily accomplished. 
Learn the difference between the two 
kinds of bleeding, '^arterial" and "ve- 
nous." Arterial is bright red, and comes 
in jets (or throbs corresponding to the 

' Blei^lnK. Its tnuitrnunt? DDTeronFF botvrm "iirMribl" ud 
TRUttment of uwli r UutBt Turevury hauseholilT 
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piilse) ; venoiia is ilark-^olored, aud flows continuously. Tf a 

larger vessel of the afm ov leg has been injured, iind cftllliot be 

controlled by direct preasurH, tie a 

cord or handlterchief loosely around 

the limb away from the woiind on 

the dde nearest the heart, put a 

stick through it and twist until the 

bleeding etops. In addition to this, 

tie a pad flnnly on the wound. Loss 

of blood from ai-teriea is apt to be 

more rapid and dangerous than that 

from veins, and when the cut v 

large one, the skill of the sur- 
geon will ordinarily be retjuired in 
oi'der to close the bleeding ai'tej'y 
permanently and securely. 

It is well, in evei-y household, to 
have, in some handy and well-known 
place, some strips of old muslin and 
some lint, or oakum, a bandi^e or m ■« 

two, and some adhesive plaster, a soft sponge, and needles and 
thread in a basket or box by themselves. In this way, valu- 
able time may be saved in the staimehing of blood, flowing in 
consequence of some accidental cut or other injury. 

5. Fractures and Dialocstions. — A broken bone in siu-gical 
language is called a fracture ; a bone out of its joint is called 
a dialocativK. When, in addition to the fracture, there is pre- 
sent a laceration of the soft pai'ts surrounding it, the muscles 
and the skin, so that tlie broken end of a bone protrudes 
through the latter^we speak of it as a compound fi-aiiure. The 
symptoms of a fracture are : pain and inabihty to move the 
affected limb; theie \\ill be mobility at the point of the frac- 
ture, and the broken ends of the bone may be felt to grate 
upon each other, if the leg be brokeu at any point the patient 
will l>e unable to stand upon it 

The symptoms of a disloi ation are : altered shape of the 
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limb; inability to move it ; great pain in and about the joint 
upon the slightest attenijit at luotioo. 

Much can be done for tlie comfort of a patient, pending tlie 
arrival of surgical aid. First of all, remember that a person 
with a hrokeu bone may, without suffering hai'in, wait several 
hours and even a day for the ao-called " setting " of the bone. 
Rest and support of the injured member ai'e the two things to 
be aeoompiished. First remove all clothing from the arm or 
leg, best by slitting the garments open, and not by pulling 
them off; then firmly tie a atrip of wood on either side of the 
limb, protecting the skin by padding the wood well with any- 
thing soft, eotton, pieces of clothing, etc. A good support is 
given by tying a pillow firmly around the ai'm or leg. In 
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moving a person suffering from a fractured leg or arm, some 
one should carry the broken limb carefully and evenlyi so as 
to avoid all jarring and all motion at the seat of the fracture, 
■which would be extremely painful. Should some hours have 
to elapse before the surgeon arrives, the limb should be in- 
spected from time to time to see that the cords are not tied too 
tightly, for considerable swelling follows each fracture. 

The help in dislocations lies chiefly in the proper support of 
the limb in the position in which it is foimd. lu moving 
a person suffering from a dislocation, let one person support 
the limb, and after the patient is at rest, plaee it in the posi- 
tion which proves the most comfortable for the suEFerer, sup- 
porting it on eitlier side with pillows, stones, or pieces of wood. 
Cold water compresses to the joint, if there is much pain, will 
feel must gratefid. m 



BACTERIA AND DISEASE 

and the opinion held by many of the-most noted inveatigatoia 
to-day is, that all diseases are caused each by its speuiiic baii- 
jn. The gr^at value of tliis discovery is apparent when 
we consider it in coimection with the prevention and cure of 



The mode of propagation of ali ba«teria is by a process of 
transverse subdivision, not unlike tbat illustrated in the first 
chapter of this book. 

Wannth and Moisture. — All bacteria reqiure for their 
existence both warmth and moisture, so that neither animal 
nor vegetable matter can be decomposed at low temperatures 

' in the absence of moisture. This is well shown by the 
fact that meat may be kept indefinitely in a fi'ozen state. The 
finding of the absolutely preserved body of the Mammoth 
elephant, frozen in tlie ice of Siberia for thouaauds of years, 
is a further illustration of the prevention of decay at low tem- 
peratures. The preservation of meat by drying proves the 
absence of decay when no moistiire is present. 

4. Yeast and mould are examples of two of the simpler bac- 
teria which are present in the atmosphere at all times ; each 
seeks its own field for nourishment and growth. AVhen yeast 
germs find a liquid containing sugar, a process is set up called 
fermentation. The yeast germs feeding on the sugar convert this 
into alcohol and caroouic acid gas, and being thus nourished, 
rapidly increase in numbers, so that when all the sugar has 
I consumed, and the process of fermentation baa ceased, 
we shall find a large increase in the yeast. 

Mould exists in many varieties, and may be observed in 
vai'ious colors and modes of growth on decaying vegetable 



fi. If we begin now the consideration of the disease-produc- 
ing bacterid we are confronted by a field so vast that even an 
outline description cannot be given in a work of this. kind. 
The three main divisions of bacteria have received the names 
cilli, and spirilla. The micrococci comprise 
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all those of A spherical form, the bacilli are all oval or rod- 
like, and the spil'illa are eitlier ourved or twisted. The mode 
of entrance of these various bsicteria into the human body 
may bo by either air or by food. Ba.cteria, in order to produce 
disease, must find an entrance into the tissues of the body in j 
Bome way. By inhalation, they would be deposited in the 
mouth or nose, or iip. some other part of the respiratory trai^t ; I 

hy food, they eould gain entrance to the month, the stomach, 
or the intestines. In contagious diseases, the propagation I 
would be either through breathing the atmosphere of the sick- | 

room or through personal contact, in which case the contagion 
is probahly conveyed by the hands to the mouth. j 

6. Toxines and Ptomaines. — As soon as the bacteria gain ' ! 
entrance to the human body in any of the above enumerated I 
ways, and lind a inoper surface for their development, they ,1 
live upon the albumen of the tissues which they inhabit. i 
Here again, as shown in the yeast example, a rapid propaga- 
tion takes place, and consequently a rapid spreading into | 
adjacent, and even far distant, parts of the body. Their i 
growth in the living tissues of the human body reanlta in the 
production of poisonous substances, called toxines and pto- 
maines; to these the symptoms of disease are ascribed. 

7, AntitDxine. — After certain of the bacterial diseases have 
run their course, and the patient has recovered, there seems to , 
be established in the body the power to resist future attacks, I 
as, for instance, in cases of typhoid fever, smallpox, and scar- 
let fever. This condition is explained by the fact that the 
bacteria of the diaea.se have produced in the blooil a new sub- 
stance, which prevents a subsequent growth of the same kind 

of bat^teria in that person. To this new product has l)een 
given the name of antitoxine, and this method of Nature's for 
protection against disease is now utilized both in its cure and 
in its prevention. The period during which any person who 
has had the disease is protected from futnre attacks, 
different persons and in difTereiit diseases. 
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8. Destruction of Bacteria. — Not everybody, however, who 
is exposed to these disease-producing germs falls a victim to 
them. Many persons are continually exposed to contagious 
diseases and infections of various kinds, and yet do not get the 
disease. There must then be a natural mode of destroying the 
bacteria after they find access to the body. This power of 
destroying bacteria is said to exist in the white cells of the 
blood. In addition there exists, no doubt, in the fluid portion 
of the blood, the plasma, a chemical power to destroy bacteria. 



8. The natural mode of destroying bacteria ? 




The Bick-room should be bright ami airy, and "BWeetnesa and 
light " its motto. Otiier things being equal, it is beat on one o£ tlie 
upper fioora— iu tlie caae of Honie "catching" diaeaae on tlie top 
floor. Lot it be on t)ie eumiy side of the house. If for any reason 
the light oi the sun Ib temporarily to be avoided — as when the 
eyes are sensitire or have been operated upon — let the light be shut 
oat by a proper arrangement of blinds or curtains. The air-supply to be 
breathed by the sick person should be pure. Those who, iu health, tind 
tbemaelTes in an inipure air can quit it ; they are not compelled to suSer 
from it ; but a sick peiBon may be incapable of recognizing the bad 
quality of the air, as well as helpless to free hlniaelf from ft. 

To keep the air pure, the windows should be opened as often aa three 
limes a day, care being taken to protect the patient from being chilled, 
while the room is being aired. 

Unless the physician should direct differently, one vrindow — that most 
remote from the bed — should be open an inch or more both day and 
night, and in all seasons. The extent to which the saah should be lowered 
must be governed largely by the weather and the direction of the wind. 

A fire, in an open lireplace, except in summer weather, will be a great 
help towards keeping the air pure. The upward current through a chim- 
ney-flue, if unobstructed. Is equal to or not far below 20,000 cubic feet 
per hour; an outlet sufficient for a room occupied by ten persons. 

The inlet of air, however, must not be forgotten, otherwise the air in 
the room tends to become both impure and too thin. As our houses are 
generally constructed, the inlet of air is best secured by a window-sash 
being lowered from the top. 

Take special care that no stationary wash-basin or other 
nected convenience is improperly plumbed, and that sewer gas cannot by 
any possibility escape into the sick-room. 

The swinging of doors to create a current is not an efficient 
ventilation, as it agitates the air of the room without purifying It, 
often disturbs Uie patient. 
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A dmugbt o{ air U to be avoided ; it wiU Beldata occur ibat tbe ait of 
he room requires to be BO sj^ei'dily cliaiiged that tlie patient need be 
exposed to a drauglit ; uevur, wliea care has buuii UikL'ii tu provide con- 
iuoous and gradual ventUatiuti. 

It abuuld be borae in mind tbat cold air Is not neoessarii? pare air, 
and tbat ventilation is not Ibhh needed in winter tban in warm weatiier. 

aep ia a great ntHiessity to the sick. If a well person sliunbers in the 
day-time, it will interfere with hla sound repose at uight, but with the 
this is generally not the case. The more they sleep the more favor- 
are the chances for their recovery -. so that it will be readily seen 
how important it ia fp ^void ;tuiae ^;id jar iii t^e sjck-room, especially if 
the disease is acute. 

Bear in mind that eye^i alight nodses, as the rustling of gannenta, the 
oreaking of doors, wh^perlng, or noisy footfalls, may be BufSelenl to dis- 
turb a brain that is tendered sensitive by pain or wakefulness. 

The clothing next tiie akin slmuld be changed more frequently in sick- 
ess than in health. These changes must be quickly and deftly made, 
and with as little diiiturbance as posiiihie. 

Under some conditions of disease, the best welfare ot the patient is 
accomplished by liavlng two beds in the room instead of one. 

The lemjiprature of the room must be watched. To that end a ther- 
mometer should always be present, and easily approached. It is better 
to have it directly in the view of the patient. The temperature 
abould not be allowed to vary much from S5° F., unless the doctor other' 
rise directs. 

Let the furniture be as plain and as free from upholstery as possible j 
pot )nany pieces jtce required. Movable car{iets or rugs are iK'tter than 
those tbat are pennanently laid. Curtains about the wukJowb are out ot 
place in a sick-room : so are flowering plants and birds, as a general rule. 
Florence Nightingale, however, makes an exception in the case of chronlo 
invalids, an»l consepla to the comforting influence of a pet bird or two. 

In regard to the adrnission of visitors, and conversation, much will 
depend upo|i the strength of the patient and the kind ot sickness: at 
J times these are to be forbidden, as having a (iisquietiug influence, 
■ffhen contagious disease is in the bouse, the sick-room loust be avoidwt 
by all except those who have the care of the patient, and those having 
this carp should avoid coniing in onnlacl with the other members of the 
household, especially tie children. 

Bear in mind that everything brought in ccuitoct with the sick Ih liftble 
to eiii^anger the bealtb of the well. 

No articles in use by the invalid should be removed or used by others 
until thoroughly diairiiected ; the dishes and spoons sliould be put in boil- 
ing water before being taken from the room. The room ita-K should ^ 
himigatfid with sulphur when the person is removed from it 



APPENDIX 361 

Oil] pieoes of mitalin, etc., sliciuld be used instead ai liandVerchiefa to 
receive tlie pQisonoua discbarges from the nose, iiiimtli, and thront. 
'I'heStf can be destrnyed by fire, and Ihiia provenl llie danger of conveying 
tl)e disease tfl ntliers. 

" Tailing tliD bi'tiulb " and kissing should Ik avoided by tliose in atten- 
dance upon ciie caee. 

The bottles of medicine and other reminders of lllneaa sUnuld, aa far 
» oonveiiient, be withdrawn (mm the view of the siok. 

Sac)) oa are to be kept always at baud should be arranged in an 
orderly way upon a tidily- ciiverud bed-sidu table. Tlie 8ighl ot a siphon 
buttle of agrated water is agreeable to most patients; that may bektipt 
ill tlie room, but tbe vessels containing Diilk, drinking- water, etc., sliould 
1)6 kept elaewhere- 

DISraPECTION 

Filth (oatera nc produces certain diseases ; it should, therefore, be 
removed as soon as [Ktssible. When it is difBcult tii remove it, dis- 
infectants come into play, aa they have the power to rob it of some of 
ita disease-breeding force. But let it be remembered that disinfection is not 
pare ; it is not a suhatitulu for clBanliiieBS and pure air. The true cure is 
the removal of flltli ; and v»heii our homes ace concerned In some questinn 
o\ drainage where the filth is out of our sight, it may be necessary lo 
coIisitII and employ the plumber or some other artisan. 

In tiiDBe gone by, it was the cusUim to mask bad ambUs by burning 
pastilles, coSee. cascarilla, and the like. These are not now much used; 
tax most peraons have come to understand that the fumes ibus created do 
- pet remove, but simply overpower tlie evil odors. 

Chemistry lias advanced to audi a point that various pungent chemical 
enbilancea, formerly not well known, can be furnished at small cost, and 
titetie BabBtauoes have the power, in Tarying degrees, to check vile odora. 
Cvbolic auld, chloride of lime, and I.Abarraque's solution are among the 
beat knovin of these, but there are also certain of the salts of iron, and 
$i!l(t, and permanganate pC potash that ma; be used. S^ulphur is much 
i^^ fcir tlie fiiiuigation of rooms that have been infected. 

Another cheap disinfectant Is a solution of ddoride of lead. It is in- 
p^OTQUS, eftcctiye, and the cost is small. Take half a draohm of the 
nitratti apd dissolve it in a pint or uiore of boiling water. Dissolve two 
draeliiUB. tif cnniniou salt in a pail or bucket of water ; pour the two sulu- 
tjons togetlier and allow the sediment to sink. A clnlh dipped in this 
BOlution, and hung up in a room, will coirect a bad odor promptly, 
the BQlntion be thrown down a drain, or upon foul-smelling retu«), it will 
have the same eHeot. 

'Hie room to be purified with sulphur should be made as tight 
Bible, so that no fumes can escape, either by window, door, or c 
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Put ttiree pounds of salphur in nn iron put, which should not staud ^ 
woodwork or carpet, lest tbey be bumed, but in a large pan of a£bea, or 
upon a layer of Ttricks ; on this sulphur poor a tahleapoonful of alcohol. 
'IliiB is then set on lire, nod everybudj immediately withdraws from llie 
room. The room should remain closed ten hours, after which it should be 
thoroughly ^Ired before it is occupied, for the fumes of the sulphur are 
irritating to tlie lungs. 

Tlie chemicals above mentioned should be hnown and labelled as 
poisons. Many persons have been injured, if not killed, by incautiously 
or ignorantly drinking those Chat are of a liquid form. 

Ueat is une of the best, if not the best, disinfecting agent. Articles of 
bedding and furniture that cannot well he treated otherwise can be puri- 
fied by a long exposure to a temperature of 24U° P. In some cities, es- 
pecially in England, furnaces are made for the reception of bulky articles 
that have become infected. 

Fresh air is another powerful agent. If woven fabrics, clothing, and 
tlie lite are for a long time aired out of doors, they cease to be infective ; 
probably by the enormous dilution, if not destruction, of th^ elements of 
danger. 

Certain diseases are "catching" ; (hey have the power of spreading 
from one peiBon to another, chiefly by the particles that pass off from the 
body of the patient. Among these diseases are small-pox, measles, 
scarlet fever, and diphtheria. The articles that are worn or used by the 
patient become "infected," and tliey should be diainfected before tbey 
are used by others. As a rule, of course, a doctor will be called in to 
attend to these diseases. When that is so, follow his directions as to dis- 
infection, as well as every otlier part of the treatment of the case. For 
subHtanws that are not injured by being washed, a good and cheap dis- 
infectant is sulphate of zinc (" wliite vitriol") and common salt diasolTed 
in water, boiling hot if possible, using eight tablespoonfnla of the zvaa 
and four of salt to the gallon of water. This is useful for clothing, bed- 
liuen, towels, handkerchiefs, etc. After these articles have lain for &a 
hour or two in this solution, they should be allowed \o staud in boiling 
water before being washed. Infected articles that are of little value 
riiould, of course, be destroyed by fire. 

The United States Treasury Department has published the following 
formula for the disinfection of the rags coming from Egypt: " 1. Bgiling 
in water for two hours under a pressure ot fifty pounds per square inch \ 
'i. Boiling in water for four hours without pressure; or, 3. SuhjecUon (0 
the action of sulphur fumes for six hours, hamiug fine and one-half to 
two pounds of roll-brimatone in each 1,000 cubic feet of space, with the 
rags well scattered upon racks." Any une of ihese three methods ia 
accepted as sufficiently thorough to prevent the spreading of oho)er& b 
means of rags. 



APPElfDIX 

THE HOUE AHD HEALTH 

'The location of the hnuac slioulil be airy, dry, and sunny. 

A certain amount of elevation is necessnry, in order to se 
drainage. Too much shade muGt not fall upon the houae, as. sunlight is 
TBiy neceHsary to a proper degree of auimal vigor. Toung children, as 
;s well known, especially profit by the tonic influence of auniight. 

The cellar is an important part of the dwelling i therefore, unless care 
l-e taken for its ample ventilation, it will be the source from which Is Bup- 
) Liad much of the air breathed in the upper chambers of the house. If 
>iie cellar is damp the house is liable to became so, and if vegetables are 
r^oied in the cellar, an especial degree of care is needed to ventilate it 
iJioroughly and coustantly. 

House Drainage. — An English writer haa stated that "the most 
important part of the house is tlie drains." This, no doubt, sounds 
litrangeiy to the eara of many, who have been brought up to view the 
parlor or draiving-room as the true centre of the house ; and yet it is no 
foolish saying, when we redect that wit)i. a bad system of drainage to a, 
.^oose every dweller therein stands in peril of several forms of disease 
tbat, mild as the cases may be, are a source ol anxiety, and when severe, 
too often have a fatal tertnination. Drain-diseases, such an typhoid 
fever, dysentery, diphtheria, and scarlet fever, often destroy entire fami- 
lies. These diseaEea do not always come upon a home through defective 
dralniige, bat when tliey do, tliey frequently show tliemseives in a verv 
violent form. 

Drainage (as applied to dwellings) consists in conveying away from 
the house the liquid and solid impurities that would otherwise accumulate 
in or near tlie dwelling. Wast« ia a necessary accompaniment of all 
anilnal life, to the preparation and taking of food, to the clothing of the 
body, to bathing and other simple acta of daily life. The waste material 
of houses tends to decay and to become offensive. It must, therefore, 
not only be put out of sight and smell, but must be removed so far away 
that it cannot return in the form of dangerous, invisible gases of deoom- 

ITie best house-drains are made of iron or glazed earthenware, care- 
fully selected and well laid. The joints of the pipes should be gas-tlglit. 
The soil-pipe should be carried up to and through tlie roof. All the 
waste-pipes from basins, etc., in the rooms should be joined in a gas-tight 
manner to the snii-plpe, and each and every basin and otlier fixture 
should have a separate trap. What is a trap? It is a device that is 
designed lu retain a certain portion of the water running tlirough it — 
called the " waur-soai" — so that the ascent of air or gas, from the drain 
back into the room, is prevented. It '/ traps " the sewer gas away from 
us. Whenever a fixture has been used and there is not, beyuud all 
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doubt, a snfBciency of water to fill the trap, additional nater riiould be 
poured ill. 1'nipa are of various aiieE, and of an infinite variety of pal- 
lerna aud patents, and must vary greatly according to tiieir Hituatlon ; 
but one thing sliould be made sure of in their uae — namely, chat tliey 
hold not less than two inches of water a;5 a " seal," 

Tbere is at almost all seasons of the year an upward, beuauae wanner, 
current of air thiDUgh the main pipes. It is therefore better In have a 
fresh.aii' inlet pipe near the point where the drain leaves the hoQse-wall. 
Thia helps to prevent the unsealing of tcapfl, It also bciuga about a 
purer condition of the air in the interior of the system of pipes — so use- 
ful in this air-current through the aoil-pipe that if applied there is little 
danger of the escape of sewer gaa into the lirlng rooms. 

What is aewer gaa or sewer air? It varies greatly in different places 
and at difiercnt times. It is not a definite gas, like osygen, nitrogen, 
etc., but varies in composition, and what is atill more worthy of note, it 
' varies in its dangerous ilualitiea. It is not always offensive, aJthougli it 
is generally ert ; ita odor has been described as being " sweetish niid eick- 
ish." Its dangerous qualities have not yet been determined by chemlBtry 
or the microscoiw, but one practical p™nt may be borne in mind — 
namely, that when a case or cases of contagious diaeiue occur in any 
house along any given line of sewer pipes, it is best to use dishifeciant* 
in the drainage of the other dwellings along the same line of sewer. 
Children should avoid playing over or around the sewer-gratiuga in the 
streets at all times, aud especially when scarlet fever and lilce oontagioul 
diaeases are known to bo in the neighborhood ; for the exit of sew«r all 
at theee pohitf is always very free, unless it be directly after rainfall. 

One other iroint must be remembered — that the beet-laid Bystijnl ol 
liouse-plumbing is not indestructible. In the course of time, defects will 
arise, breaks will occur ; for this reaaon it would be well for every house- 
holiier to have an examination made at intervals, of every Joint and al«itg 
the whole line of the house connection with the .tewet or dmin. 

It ia thought by many that sewer gas is not found in the country 
because there are no sewers — they have been misled by tba wiinl. K 
the words "drain air" or "Ultli gas" had been adopted, the univt^isHl 
production of tliis injurious substance, in close connection with e»eiy 
abode of man, wherever located, might have been better understood. In 
country bouses there are, perhaps, fewer dangers of contamination, of Uie 
air we breathe by waste products, because there are fewer wxtrr-closeta, 
vra.sh-baains, sinks, e1«., and the rooms are lesH exposed to impntu air. 

But in the country danger is apt to come by iir thriiugh the poUutton 
of the water supply. The well, which furnishes that cool and refrvehlns 
draught, is tlie point to be walched. It is convenient to have the well ne*r 
the house, because when tlie snow Is on the ground and the weMher It 
cold, the distance to the well from the house is i 
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nioineiit. Neartlie boosemust Le tlm sUlile and pens for animala — the 
it&ate from the Ijousa goes upon tlie ground^ and not very tar away from 
tlie house — tlie cbaniber skip!^ and tUe ruortt offensive mattei's go into 
, whiuh must nut be too diatnnt. The result of all tliese conditiooB 
pollution (if the soil sX all ilieae points — a pollution whicli spi'eads 
wicb every rainfall, nud wliluh, sooner or later, reaches tlia well ; yet tbe 
TatBr may appear as pure as ever. It only remains to have the suitable 
diaease-genn lodged iu this polluted territory to bring down the whole 
boBsehold with a fever. TUia ia the kind of soii-pollation which is bnrd 

cure, and wbich, io, long-settled countries, causes laws to be enacted 
TCquiiing all vaults fur tbe reception of house and human wBst« to he 
nada water-tight, bo as to save the soil from its poieoning influence. 

This ia the hind of poisoning which, in the Dark Ages, caused so much 
persecution of tbe innocent. In those days, no care whatever 
taken in the towns, hlgh-walled, crowded, and unaewered, to pr(itt*ct 
4he water supply from pollution — as a! result, some terrible epidemic of 
fever would arise. 'I'beu the angry populace would, in tlieir Is^orance, 
Tlie Jews have poisoned the wells." Tlie wells were poisoned, 
BO doubt, but tiie Jew was no more worthy of blame than were his ac- 
OiuerH. Nevertheless, tbe Jews were not spared — they were robbed, 
iiupruoned, exec u ted. 

Drainage in tlie city Is a comparatively easy problem wbeu the city's 
■eweis are laid in tbe streets. In the country it is more difficult, and on 
this account tbe fewer fixtures or " modern Improvements " there are in 
the house tlie better it will be. There should be no less care within the 
flountry house, where waate-pipea are put in, than in the city house. The 
material should he well selected, tightly joined, and properly ventilated. 
The wa1«r-closet should be remote from tbe bouse. Eartb closets are 
better than tbe ordinary vaults — bouae-waste from kitchen and laundry 
should be taken tu a ooiisiderable distntice from llie house, and far away 
from the well, and either deposited in a water-tigbt cesspool, or conveyed 
away, by a system of subsoil drainage tiles, arranged so as to fertilize 
some unoccupied plot of ground. 

OH OOMO raiO THE COUHTHY 

To spend the summer in the country would be tbe choice of nil city 
dwellers, whenever their purses will permit of it. And there are not a 
few advantages in such a course ; tlie cliauge of scene is good, tbe nioun- 
t^naand the Beaaidegivea purer and cooler air — an air tluit invigorates 
and aids in restful sleep at nigbt, so different from the midsummer atmos- 
phere in hot cities. There are fewer excitemenlB in the country ; we do 
not "live BO fast," and there is full scope for healthful life and uelivity in 
the open air, with tlie green and blue of nature all about us, iuatead of 
walls of towering bouses, 
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But this course, pleasant and helpful to so many, is not without its 
danger. Many who go away for a vacation are brought home sick on 
account of fever or other sickness caused by defects and faults of drain- 
age existing in these temporary summer homes. Scarcely a year goes by 
that one or more summer resorts have not gained the ill name of being 
the hotbeds of typhoid fever, dysentery, and the like. 

In view of this, how important it becomes that we exercise judgment, 
and seek skilled advice in the selection of our summering places. 

Again, there is another danger that must not be overlooked. Let us 
suppose that the summer vacation has passed by, without accident ; that 
we return invigorated by the experience, and that the home in the city 
has been empty and closed during our absence ; what has happened that 
the air in the rooms newly reopened should be foul and stifling ? This 
has taken place : the water that stands in the traps of house pipes, and 
shuts off gases from the sewer when the rooms are in use and water is 
daily entering the different wash-basins, etc. , has during our absence been 
evaporated. For weeks, perhaps, there has been no " water-seal " in the 
traps, and the ascent of sewer air has been going on continuously, so that 
not only is the air utterly unfit to live in, but all the curtains, carpets, and 
other absorbing materials have become saturated with the pollution thus 
allowed to enter. Let it be remembered that when a sink, etc., is not in 
use, it is gradually losing the trap-water by the evaporation. 

What is the remedy, you will ask, for the condition of things caused by 
closing up the house, as above stated ? To this the reply is, that the house 
should from time to time be opened and aired, and water should be poured 
down each and every sanitary fixture, ill sufficient quantity to renew the 
supply of water in the trap of each. 
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Fig. 9. — To dkvklop Abdomen; to deepen the Thosaz 




Fig. 10. — To widen tue Tuorax and develop the Sides of "Waist 
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Fio. 11.— To develop tue Abdominal Mrgd^Bs and the Muscles op Uppkr Lwi 




Ab-do'men (Latin abdo, to conceal). Tlie largest cavity of the bodj, 
ccntaining tlie liver, Htomach, intestines, eic. ; the bell^. 

Ab-sor'bents (L. a& tind sozbeo, to sock up). The vessels which take 
paft in the process ol absorption. 

Ab-socp'tiao. The process of sucking up fliiidB by means of an animal 
membrane. 

Ac-com-mo-da'tlaii of the eye. The alteration in the shape of Uie crys- 
talline lens, which accommodatea or adjusts the eye for near and 
remote vision. 
' Ac'id, Lactic (L- lac, milk). The acid Ingredient of sour milk ; the gaa- 
tric juice also contains it, 

Al-bn'mea, or Albumin (L. albus, white). An animal sabfitance resem- 
bling white of egg. 

Al-b«'mi-nosB (from albumen)- A soluble animal aubslance produced 
in the stomach by tlie digestion of the albuminoid subatanccji. 

Al-bu'min-old substances. A doss of proximaie principles resembling 
albumen ; they may be derived from either the animal or vegetable 

Al'i-ment (L. alo, to nourish). That which affords nourishment ; food. 

Al-i-ment'ary Ca-nal (from alimftU). A long tube in which the food is 
digested, or prepared for reception into the system. 

An-Ees-thet'ica (Greek Jp, an, without, aiaByiiria, aisthesia, feeling). 
Those medicinal agents which prevent the feeling of pain, such as 
chloroform, laugUing.^as, etc. 

As-i-mal'cnle (L, animal'culiim, a small animal). Applied to animals 
which can only be seen with lie aid of the microscope. Animalculum 
(plural, animalcula) is used with the same meaning. 

A-oi'ta (Gr. dopr^ojiai, aorteoniih to be lifted up). The largest artery of 
the body, and main trunk of all the arteries. It arlHea from the left 
ventricle of the heart. The name was first applied to the two laige 
branches of the trachea, which appear to be lifted up by the heart, 

A'que-ODs Humor (L. aqua, water). A few drops of watery colorlesa 
Said occupying the space between the cornea and crystalline lens, 
A'TAch'noid JHemliraiie (Gr. dp4x>^> araohtte, a cobweb, and Mn, 
t 310 
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like). As extremely thin oovering of the brain and apinal cord. It 

lies between the dura mater and the pia mater. 
Ar'bor Vi'tffi (!.)- Literally, "the tree of life"; a nftme given to the 

peculiar appearance praHciited by e, section of the cetEbeUiim. 
Arter-y (Gr. Up, aer, air, and T-^pur, terein, to contain). A vERsel hy 

which blood ia conveyed away from the heart. It was supposed by 

the ancieuts to contain air ; hence, the name. 
Ar-tic-u-la'tion (L. articulo, to form a joint). The more or lesa movable 

union of bonea, etc.; a joint. 
A-ryt'e-noid Car'ti-la-gea (Gr. Apiraiva, anitaiitit, a pitcher). Two sirnill 

cartilages of the larynx, reserahling the moulli of a pitcher. 
Afr-sim-i-la'tion (L. ad, to, and aimilig, Uke). The conversion of food 

into living tissue, 
Au-di'tion (L. audio, to hear). The act of hearing soundn. 
An'di-to-ty Nerve. Oue of the cranial nerves ; it ia the special nerve 

of hearing. 
An'ri-cle (L. ouris, the ear). A cavity of the heart. 
Bar'i-tone (Gr. papis, 6n™s, heavy, and t4uo!, toiios, tone). A variety of 

male voice between the bass and tenor. 
Bel-la-dou'na (It. beautiful lady). A vegetable narcotic poison. It has 

the property of enlarging the pupil, and thus increasing the brilliancy 

of the eye ; so called from its use by Italian ladies. 
Bi-cus'pld (L. bi, tvTo, and cuspia, prominence). The name of the 

fourth aud fifth teeth on each side of Uie jaw ; possessing two 

Bile. The gall, or peculiar secretion of the liver; a viscid, yellowish 

fiuid, and very bitter to the taste. 
BrDn'chi (Gr. (Sp47xoi, bronchos, the windpipe). The two first divisions 

or branches of the trachea ; one enters each lung. 
Bron'chl-al Tnbes. The smaller brajiches of the trachea within the sub- 
stance of the lungs, terminating in the air-cells. 
Bron-chi'tia (from bronchia, and itis, a suffix signifying inflammation). 

An inflammation of the larger bronchial tubes; a "cold" affecting 

the lungs. 
Cal-ca're-ooa (L. caljr, lime). Containing lime. 
Ca-nal' (L.). In the body, any tube or passage. 
Ca-nine' (L. eanis, a dog). Name given to the third tooth on each side of 

the jaw ; In the upper Jaw it is also fcnown as the eje-tooth, pointed 

like the tusks of a dog. 
Cap'il-la-ry (I.. capii'Ivg, a liair, (apiUa'rts, halr-liice). The name of 

the extremely minut« blood-vessels which connect the arteries with 

the veins, 
Car'boD Di-ox'lde (COa). Cliemical name for carbonic acid gas. 
Car-bon'lc A'cld. The gas which is present in the air expired from the 
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lungs ; a waste product of the animal kingdom, and a food of the 

vegetable kingdom. 
Car'di-ac (Gr. Kapdla^ kardia^ the heart). The cardiac ori^ce of the 

stomach is the upper one, and is near the heart ; hence its name. 
Car-niv'or-ous (L. ca'rOy flesh, and vo'ro, to devour). Subsisting upon flesh. 
Ca-rot'id Ar'ter-y. The large artery of the neck, supplying the head 

and brain. 
Car'ti-lage. A solid but flexible material, forming a part of the joints, 

. air-passages, nostrils, etc. ; gristle. 
Ca'se-ine (L. ca'seus^ cheese). The albuminoid substance of milk; it 

forms the basis of cheese. 
Cer-e-bel'lum (diminutive for cer'ehrum^ the brain). The little brain, 

situated beneath the posterior third of the cerebrum. 
Cer'e-brum (L.). The brain proper, occupying the entire upper portion 

of the skull. It is nearly divided into two equal parts, called *' hemi- 
spheres," by a cleft extending from before backward. 
Cho'roid (Gr. x^P^-^^i chorion^ a membrane or covering). The middle 

tunic or coat of the eyeball. 
Chyle (Gr. x»^^<^s» chulos^ juice). The milk-like fluid formed by the 

digestion of fatty articles of food in the intestines. 
Chyme (Gr. x^M-^^i chumos, juice). The pulpy liquid formed by digestion 

within the stomach. 
Cil'i-a (pi. of ciVi'inrit an eyelash). Minute, vibratile, hair-like pro- 
cesses found upon the cells of the air-passages, and other parts that 

are habitually moist. 
Cir-cu-la'tion (L. cir' cuius, a ring). The circuit, or course of the blood 

through the blood-vessels of the body, from the heart to the arteries, 

through the capillaries into the veins, and ffom the veins back to 

the heart. 
Co-ag-u-la'tion (L. coag'ulo, to curdle). Applied to the process by 

which the blood clots or solidifies. 
Coch'le-a (L. coch'lea, a snail-shell). The spiral cavity of the internal ear. 
Con'cha (Gr. Kdvxvj konche, a mussel-shell). The external shell-shaped 

portion of the external ear. 
Con-junc-ti'va (L. con and jun'go, to join together). A thin layer of 

mucous membrane which lines the eyelids and covers the front of the 

eyeball ; thus joining the latter to the lids. 
Con-trac-til'i-ty (L. con and tra'ho, to draw together). The property of 

muscle which enables it to contract, or draw its extremities closer 

together. 
Con-vo-lu'tions (L. con and vol'vo, to roll together). The tortuous 

foldings of the external surface of the brain. 
Con-vul'sion (L. conveVlo, to pull together). A more or less yiolept agi* 

tation of the limbs or body. 
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Cor'ne-a (L. cor'nu, a horn). The l.ranspRrent, iiiirii-like subBtance which 

covera Uie anterior fifth of the eyebalL 
_Coc'puB-cles, Blood (L, dim. of cor'pjia, a body), The small bi-concave 

disaa wlii(!h give to the blood its red color ; tlie viMle uorpuaclea are 

glohular aod latger. 
COB'met'ic (Or. Koaiiiiii,. kosmeo, to adoi^). Beautifying; applied to 

artidea which are supposea to tiitrease the beauty of the skill, etc. i 

CtEk'ni-al CL. crn'itium, the skull). Pettaiuiug tu the BkiiU. The iiervea 

irhlch arise from the brain are called cranial nerves. 
CH'eoia (Gr. Kpltoi, krl'koa, a ring). A cartilage of the larynx reaembling 

a Heai-ring in shape. 
Crys'tal-llue Lens (L, cri/atal'lum, a crystal). One of tlio so-called 

humors of the eye ; a donble convex body situated in the front part of \ 

the eyeball. 1 

Cn'ti-cle (L. dim. of cu'tla, Uie skin). The scarf-skiu ; also called the 

epider'mis. 
Cu'tiB (L. skin or hide). The true skin, lying beneath the cuticle ; also 

called the der'mis. 
De-cUs-sa'tion (L, deeta'sia, the Roman numeral ten, X). A reciprooal 

croBsiiig of fibres from side to side. 
DiVptitagm fGr. Sia^^mu, diap/irassn, to divide by a partition). A 

large, thin muscle which i^parates the cavity of the chest from the 

abdomen ; a muscle of respiration. ' 

DiMu'sion of Gases. The power of gases to become intimately mingled, I 

without teferHnce to the Ioihh of gravity. 1 

Duct (L, du'co, to lead). A narrow talje ; the thoranie duet ia the main I 

trunk of tiio absorbent vessels. 
Da-o-de'ntml (L. duode'nl, twelve) , The first division of the small intes- 
tines, about twelve fingers' breadth long. ' 
DU'ti Ma'ter (L.). Literally, the bard mother; the tough membtaiie 
■ which envelops tbe bratu. ; 
DyH-pep'ai-a (Gr. Sut, dits, difficult, and t^tttu, pepto, to digest). Diffl- ' 

cult or painful digestion ; a disonlered condition of the stontach. 
B-mul'slon (L. emuVgeo, to milk). Oil in a finely divided state sits- 

pended in wal«r. 
En-am'el (Fr. email). The dense material vrtiich covers the crown of 

the tooth. 
Endocardium (Qr. itSa, etldo, within, and mtpSla, kiirdia, tho heart. The 

lining membrane of the heart. 
Bn'er-gy, Specific, of a Nerve. When a nerve of special sense is excited, 

nhatever be the cause, the sensation experienced la that peculiar to J 

the nerve ; this is said to be tlie law of the specific energy of the I 
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^B nindpipe). A leai-8haped piece of cartilage which coven the top o( 

^1 the larynx during the act of swallowing. 

^V Si-cre'tioD (L. excer'no, to separate). The Beparation from the blood of 

^B tbe waste particlts of the body ; also tlie uiaterinls excreted. 

^m Ez-pi-ra'tioQ (L. expi'ro, to breathe out). Tbe act of forcing air out ol 

^^k the lunge. 

^H Sx-ten'sioD (L. ex, out, aud ten'Ho, to stretch). The act of restoring a 

^1 limb, etc., to its natural poaitiou after it has been flexed, or be&t \ the 

^H opposite of Flexion. 

^M Fe-nea'tra (L.). Literally, a window ; the opening between tbe middle 

■^ ajid internal ear 

Fi'brine (L. fi'bra, a fibre). Av. albuminoid substance found in t 
blood ; ill coagulating it aasuineB a fibrous fortn, 

Plez'ion (L.jlecto, to bend). The act of bending a limb, e 

IFol'li-cIe (L. dim. of fuViia, » bag). A little pouch c 
membrane ; it has generally a secretory function. 
Fun'gous Growths l,l,.fuit'gus, a miuihroom). A low grade of vegetatil 
life. 
Gan'^H'On (Gr. ydyy\u>ii, ganglion, a knot). A knot-iilie swelling ii 

course of a nerve ; a tiraaller ni 
Gas'tric (Gr. -yaaTiip, gaater, atomoch). Pertaining to tbe stomach. 
Gland (L. glann, an acom). An organ consi^ing of follicles and d 

with numerous blood-vessels iuterwoveu ; it separatea s< 

fluid from the blood. 
Glos'so-phar-yn-ge'al Nerve (Gr. y\£iraa, gloasa, the tongue, and 0c(pv 

phamnXjlbe throat). The nerve of taste supplying the posterior ti ' 

of tbe tongue ; it also supplies the throat. 
Glu'ten (!■■)■ Literally, glue; the glutinous albuminoid i 

wheat. 
Gran'ule (L, dim. of f/ra'ituin, a grain). A little grain; a 

object. 
Gua-ta'tion (L. ijui^to, to taste). The Rense of taste. 
Gust'a-to-ry Herve. The nerve of taste supplying the front p 

tongue, a Ijranch of the "fifth" pair. 
Hem'oi'rhage (Gr. al^, hui'ma, blood, and p-iymiu, reyniimi, to burst). 

Bleeding, or the loss of blood. 
Bem-i-ple'gi'a (Gr. ^luavt, hemisKs, half, and rXi^ffiru, plesfo, to strike). 

Paralysis, or loss of power, affecting one side of tbe body. 
Hem'i-apheres (Gr, a^iaipa, upkaira, a sphere). Half a sphere, ttie lateral 

halves of the cerebrum, or brain proper. 
He-pat'ic (Gr. i5irap, hepar, the liver). Pertaining ti 
Her-biv'o-roua (L. her'ba, an herb, and vo'ro, to devour). 

animals that subsist on vegetable food. 
Bu'mor (L.). Moisture: the hiunois are transparent c 
eyeball. 
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Hy^ro-photi-fl (Gr, IStip, hiidor, water, and i/nipia, phobeo, to fear). A 
diBease caused by tlie bite of a rabid dog or other animal. In » person 
aHected with, it, convulsions are occasioned by the Bigla ol a glittering 
object, lilte water, by the sound of running water, and by almost any 
external impreiieian. 

Ey'^i-ese (Gr. byitta, hugieia, bealLb). The art of preserving health and 
preventing disease. 

Hy'per-o'pi-a. Abbreviated from Hy'per-me-tro'pi-a (Gr. intip, haper, 
beyond, iiJrpoi', laetron, the measure, and u!^, ops, the eye). A defect 
of vision dependent upon a Uio nhort eyeball ; so called because the 
rays of light are brought to a. fociis at a, point behind the retina ; the 
true "far aighL" 

In-ci'sor (L. inci'do, to cut). Applied to the front teeth of both jaws, 
which have sharp cutting edges, 

In'cus (L.). An anvil ; the name of one of the hones of the middle ear. 

In-s«I-i-va'tion (L. in, and sa-H'itK, the fluid of the mouth). The min- 
gling of the saliva with the food during the act of chewing. 

In-spi-ra'tion (L. in, and spi'ro, to breathe). The aot of drawing in the 
hreatii, 

In-teg'u-ment (L. in, and te'go., to cover). The skin, or outer covering 
of the body, 

iQ-tes'tlne (L. (n'fus, within). The part of the alimentary canal which 
is continuous with the lower end of the stomach ; also called the intes- 
tines, or the bowels. 

I'ria (L. i'ris, Ihe rainbow). The thin mu.'icular ring which Ues between 
the cornea ajid crystalline lens, and which gives the eye Its brown, 
blue, or other color. 

Jn'gu-lat (L. ju'^uf uni, the throat). The name of the large veius which 
run along the front of the neck. 

I^b'ynnth (Xa^ifiitSiit, laburia'thos, a building with many winding pas- 
sages). The very tortaons cavity of the inner ear, comprising the 
vestibule, semi-circular canals, and the cochlea. 

Lach'iy-mal Apparatus (L. lach'rj/ma, a tear). The organs for forming 
and conveying away the tears. 

Lac'te-als (I., lot, lac'ti;t, milk). The obaorbent vessels of the small 
intestines ; during digestion they are dlled with chyle, which has a 
milky appearance. 

LB-ryn'go-acope (Gr. \ipuyi, larunx, the larynx, and vxvwfa, tkopeo, to 
look at). The instrument by which the larynx may be examined in 
the living subject. 

Lu'yox (Gr.) The cartilaginous tube situated at the top of the wind- 
pipe, or trachea ; the organ of the voice. 

lieu (L.) Literally, a lentil ; a piece of transparent glass or other sub- 
^ stance so shaped as either to converge or diapurse the raya of light. 
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Lig'a-ment (L. li'go, to bind), 
or other Bolid parLs together 

Ug'a-ture. A thread oC silk or otber material used !□ tying around b 

Lymph (L. lj/tn'pha, spring- water), The colorless, watery fluid coiiveyai 

by the lymphatiu vessels. 
Lym-phat'tc Veasela. A syHlem of absorbent yeasela, 
Mal'le-iis (.L,). Literally, the mallet j one of the small bones of the n 

die ear. 
Hai'iow. 'Ilie soft, fatty substance contained in tlie eentral oavities o. 

the bones : the spinal marrow, however, is composed of nervous tissue. 
Mas-ti-ca'tiou (L. ntais'tieo, to chew). Tbe act of cutting and grinding 

the food to pieces by means of tlie teetli. 
Me-dul'la Ob-lon-ga'ta. The " oblong marrow," or nervous cord, which 

is continuous with the spinal cord within the skull. 
Mem-bra'na Tym'paa-i (L.)- Literally, tbe membrane of the dram ; a 

deliciite partition separating the outer from tbe middle ear ; it In 

sometimes incorrectly called ttie drum of tbe e 
Hem'brane. A thin layer of tissue serving to cover some part d ( 

Ml'cro-acope (Gr. lurfiis, mikrus, small, and aKow4iii, sknpeo, to loob a 

All optical instrupient which assists in the examinatii 

objects. 
Molar (L. mo'la, a mill). The name applied to tiie three baok ti 

of each side of tbe Jaw ; the grinders, or mill-like teeth, 
■o'tor (Xi. mo'veo, mo'lum, to move). Causing motion; the name ot 

those nerves which conduct to the muscles the stimulus which causes 

tliem to contract. 
[u'cDua Hem'brane. Tbe thin layer of tissue which ci 

nal cavities or passages which communicEtte with the externa) air. 
In'cns. The glairy fluid wliioh is secretiid by mucous membranea, ft 

whiob serves to keep them in a moist condition. 
[ Vy-a'pl-a (Gr. ftvu, rnuo, to contract, and Sifi ope, the ey 

vision dependent upon an eyeball that ia too long, rt 

objects indistinct ; near-sight. 
Ifa'aal (L. no'siii, tbe nose). Pertaining to the nose ; tt 

contain the distribution of the special nerve of siiiell. 
Herve (Gr. nopar, neuron, a cord or string). A glistening, wUtaoJ 

cylindrical shape, connecting the brain or spinal cord with U 

Iorgau of the body- 
Nerve Cell. A minute, round and aslien-gray cell found in the 1 
Nerve ffi'bte- An exceedingly slender thread ot nervous tinne 
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the T»tona nervous oi^ana, but eapeclall; In the nerves ; it Is of a 

white color. 
Hu-tri'tion (L. nu'lrio, to nonrish). The proeeaaos by which the nour- 

iif lUe body is ticuoiiipliatied. 
CB-soph'a-gU3 (Gr.). Literally, that wlileh cai^ea food; the tube lead- 
ing frtim the throat to the stomach ; the gullet, 
O-le-ag'i-uouB (L. o'leiim, oil). Of the nature of oi] : applied to an 

itnportaut group of food principles — the fats. 
Ol-fflc'to-ry (L. ulfa'eio, to smell). Pertaining to the sense of smell. 
Oph-thal 'mo-scope (Gr. i^flaX^i, opklkahnos, the eye, and irtmriu, skopeo, 

to look at). An instrument deviiuid for examining the interior of the 

globe of the eye. 
Op'tic (Gr. ipiu>, Stj/oiiai, fut, opsomai, to see). Pertaining to the sense 

of sight, 
Or'bit (L. or'bis, the socket). The bony socket or cavity in which the 

eyeball is situated. 
Oa'mose (Gr. ^a^i, osmos, a thrusting oi impulsion). The process by 

wliicli liquids are iuipelled tlirougli a moiel membrane. 
Os'se-ous (L. 03, a bone). Consisting of, or resembling bone. 
Pal'ate (L. pala'Cum, the palate). The root of the mouth, coasisting of 

the hard and soft palate. 
Fal'mar. Relating to the palm of the hand. 
Pafl'cto-aa (Gr. rar.pan, all, and tpias, krewt, flesh). A long, flat gland 

situated near the stomach ; in tbo lower auimals the analogous organ 

is called the sweet-bread, 
Pa-pil'ls (L. papil'la). The minute prominences in which terminate 

the ultimate fibres of the nerves of toueb and taste, 
Pa-ral'r-Bia. A disease of the nervous system marked by the loss of 

sensation, or voluntary motion, or both ; palsy. 
Par-^-ple'gi'a (Or. rapair'K-iaau, paraplegeo, to strike amiss). A form of 

paralysis a&ectiug the lower half of the body, 
Pa-tel'la (L, dim. of pal'lnn, a, pan). The knee-pan ; a small bone. 
Pel'vis (L,). Literally, a basin; the bony cavity at the lower part o! 

the trunk. 
Fep'ain (Or. viwr^, pepto, to digest). Tlio organic priuciplo of the 

gastric juice. 
Pei-i-car'di-um (Gr. repi, p«ri, and xapila, kardia. tlie heart). A porous 

membrane enclosing Uie heart, and secreting a lubricating fluid, 
Pei-i-stal'tic Hove'ments (Gr. ireptDrAXu, perittellii, to oonttaat). The 

slow, wBve^like movements of the stomach and intestines. 
Per-i-to-Be'um (Gr. rtpiTiimit, periteiito, to eiretch around). The inveel- 

ing membranii of the stomaeh, intestines, and other abdominal organs. 
Per-api-ta'tion (L. pergpi'i-o, to breathe through). The sweat, or watery 

exhalation of the skin ; when visible, it la called aenalMe perspiratloii ; 

when invisible, it is called ituenaibie perspUatioiL 
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Petioiu (Or. T^pa, jMtra. a rock). The name of the hard poitl 

temporal bone, In which Is situated the dnim of the ear and labjrinth. 
Phai'jnz (Gr. ittipii-ii, phnrunx, the throat). The cavity between the 

hack of the mouth and gullet. 
Phys-i-ol'o-gy (Gr. (piaa, phueie, nature, and X470(, logos, a discourse). 

The science of the functions of living, organized heiugs. 
Pi'a. Ha'tet (L.). Literally, the tender mother; the Innermost of the 

three coverings of the brain. It 1e thin and delicaM ; hence the name. 
Plen'rA (Gr. irXeupi, a rib). A membrane covering the lung and lining 

the cheat. There is one for each lung. 
Pleu'ri-ay. An inflammation affecting the pleura. 
Pneu-mo-gaa'tric (Gr, nttvinan, pneumon, the luugs, and ya^r-^p, gasUr, 

the stomach). The name of a nerve dlBtrlbuted to the lungs anil 

etomach ; it is the principal nerve of respiration. 
Pneu-mo'Qi-a (Gr.). An Inflammation affecting the air-cells of the 

Pres-by-o'pi-a (Gr. rpiv^vs, preabua, old, and fif , opt, the eye). A defect 
of the accommodation of the eye, caosed by tlie hardening of the 
crystalline lens; the "far-sight" ot adnltsand aged persona. 

Proc'ess (L. proce'do, procea'sua', to proceed, to go forth). Any projec- 
tion from a surface. Also, a method of performance ; a procedure. 

Pty'a-lln (Gr. irTuahiv, pttialon, saliva). The peculiar organic ingre- 
dient of the saliva. 

PuJ'mo-na-ry (L. pvl'mo, pwlmo'nis, the lungs). Pertaining to the lungs. 

Poise (L. peVlo, puVsum, to beat). The striking of an artery against 
the tliiger, occasioned by the contraction of the heart, commonly felt 
at the wrist. 

Pn'pil (L. p-apil'la). The central, round openmg In the iris, through 
which light passes Into the depths of the eye. 

Py-lo'nia (L. iri.^i.pii, piUoros, a gate-keeper). The lower opening of 
the stomach, at the beginning ot the small intestine. 

Be'fles Action. An involuntary action of the nervous system, by which 
an eitemal impression conducted by a sensory nerve is reflected, or 
converted into a motor impulse. 

Kefr-pi-ia'tioa (L. res'piro. to breathe frequently). The function of 
breathing, comprising two acts : inspiration, or hreatbing in, luid 
expiration, or breathing out. 

Het'i-iu (L. re'Ce, a net). The (nnermoBt of the three tunica or coats of 
the eyeball, being an expansion of the optic nerve. 

Sac'cha-rine (L. sac'cflarum, sugar). Of the nature of sugar; applied 
W the important group of food suhBtances which embraces the dif- 
ferent varieties of sugar, starch, and gum, 

Sa-li'va (L.), The moisture or fluids of the mouth, secreted by Uia 
saliraiy glands, etc 
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Sclfr-rot'ic (Gr. ^K\vpis, sklerof, hard). The tough, flbrous outer tunio 
of the eyeball, 

Se-ba'ceou8 (L. se'bttm, fat), Hesemhling fat ; Ihe name ot the oily 
secretion hy which the Hidn is kept flexible and soft. 

Se-cie'tion (L. aecer'no, were'tum, to separate). The process of separat- 
ing from the hlood eome BBSential important fluid ; which fiuid is 
also called a secretion. 

Sem-i-cir'cu-Iai Canals. A portion of the internal ear. 

Sen-fla'tion. The perception of an estemal iinpresaion by the nervous 
system ; a function of the brain. 

Semi-bil'i-ty, General. The power possessed by nearly all parts of the 
human body of recognizing the presence of foreign objects that come 
in coDtACt with them. 

Se'rnm (L.). The watery constituent of the blood, which separates from 
the clot during the process of coagulation. 

Skel'e-ton (Gr.). The bony framework of au animal, the dlHerent parts 
of which are mahitained in their proper relative positions, 

Spsc'tro-BCOpe (from spec'trum and mawfai, ekopeo, to esainine the spec- 
trum) . An instrutnetit employed in the examination of the spectrum 
of the Buii or any other lumUious body. 

Sphyg 'mo-graph (Gr, tr-pvyitii, ^hugmna, the pulse, and ypiijia, grapko, 
to write). An Ingenibus Instrument by meana ot which the pulse is 
delineated upon paper. 

Sta'pM (L.). Literally, a stirrup ; one of the small bones of the tympa- 
num, or middle ear, resembling somewhat a stirrup in shape. 

Sym-ps-thet'ic System of Herves. A double chain of nervous ganglia, 
connected together by numerous small nerves, situated chiefly in front 
of and on each side of the spinal column. 

Sjm-o'vi-a (Gr. (rir, sua, and iiit, ooii, egg, resembling an egg). The 
lubricating fluid of joints, so called because it resembles the white of 



Syi'to-le (Gr. awrO^'Xai, austello, to contract). The contraction of the 
heart, by which the blood is expelled from that organ. 

T&c-tile (L. tac'tus, touch), llelating to the sense of touch. 

T«n'po-ral (L, tem'pus, time, and lem'pora, the temples). Pertaining to 
the temples ; the name of an artery ; so called because the hair 
begins to turn white with age in that portion of the scalp. 

Ten'don (L. len'do, to stretch). The white, fibrous cord or band by 
which a muscle is attached to a bone ; a sinew. 

Tet'A-stu (Gr. rclnii, UCno, to streteh). A disease marked by persistent 

contractions of all or some of the volimtary niuscles ; those of the jaw 

are sometimes solely affected ; the disorder is then termed locked-jaw, 

'bo'iax (Gr. SiipoJ, thorax, a breast-plate). The upper cavity of ths 

trunk of the body, coutainiug the Inugs, heart, etc. ; the chesL ■ 
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l^Hjr'iold (Gt. Biipthi, ViHTcon, a shield], The largest ol the oartllageB t/k 

the larynx ; its angular projection in the front of tbe oecli is called 

"Adam's apple." 
Tia'cbe-B (Gr. rpoxi't, (I'ltcAiW, rough). The windpipe, or the largest of 

the air-passagea ; composed lu part of cartiloginuua rluga, which render 

its sntface rough and uueveii. 
Traas-fn'sion (L. tranafiin'do, to pour from one vesael to another). The 

operation of injecting blood taken from one person into tlie veiaa Of 

another ; other fluids than blood are sometimes used. 
Tri-chi'na Spi-ra'lia (L.). A minute species of parasite or worm, whicli 

infeSta tlie flesh of the hog, and which may be introduced into the 

human system by eating pork not thoroughly cooked. 
Tym'pa-num (Gr. Tiinratot, tiimpanon, a drum). The cavity of the 

middle ear, resembling a drum in being closed by two membtanes, 

and in having commnnication with the atmosphere. 
Tl're-a (Gr.). A substance secreted from the blood by the kidneys. 
U'ru-la (L. Tina, a gt^pe). The small pendulous body attached to the 

back paii of the palate. 
Vaa'cQ-Ur {X. vas'cvlum, a little vesael). Pertaining to, or containing, 

blood-vesaelH. 
Ve'tlons (L. oe'iia, a vein). Pertaining to, or contained within, a Tetn. 
V^-tl-Ia'tion. The introduction of fresh air into a room or building in 

such a manner as to keep the air within it in a pure condition. 
Ven-ttil'o-quialn (L. ven'ter, the holly, and lo'qiior, to speak). A modifi- 
cation of natural speech by which the voice is made to appear to come 

from a disUince. The ancients supposed that the voice was formed In 

Uie belly ; hence the name. 
Ten'tri-des of the heart. The two largest cavities of the heart, situated 

at its apex or point. 
Ter'te-hral Column (L. vpr'ie-bra, a joint). The hack-bone, conaisffng of 

twenty-six separate bones, called vertebrte, fii-miy jointed together ; 

also called the apinai column and spine. 
Vea'ti-bole. A pottion of tlie internal ear, comnmnl eating with the semi- 

oircuiar canals and the cochlea ; ho called from its fancied resemblouoe 

to the vestibule or porch of a house. 
Vflli (L. vil'lus, the nap of cloth). Minnte thread-like projeclioiia Found 

upon the internal surface of the small intestine, giving it a velvety 

appearance. 
Vit're-oos (L. ti'Crum, glass). Having the appearance of glass; applied 

to ttie bulbar occupying the largest part of tlie cavity of tJie eyeball, 
ViT-i-aec'tion (1*. efttus, alive, and se'eo, to cut). The practice of op^f 

sting upon Uving animals, for tlie pur^jose of studying some 

physiological process. 
Vocal Cotds. Tivo elastic bands or ridges situated lu Uie lai'yiLfci,tt|^^ 
ATB the essential porta of the orgaoa ol &« ^q\!». j^^H 
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